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By PRESIDENT Jesse M. Smitu, New York 


Great engineering works existed in many parts of the world long 
before Columbus discovered America. We have but to consider the 
ruins left by the Incas in South America and the Aztecs in Mexico to 
realize the great work done on this continent in engineering. In 
Asia the great wall of China, the temples of Japan, China, Babylonia 
and Assyria bear record of the presence of the engineer. 

2 In Africa, the vast pyramids of Egypt and the temples on the 
Nile are evidences that great enevineers existed long before the Chris- 
tian era. We marvel still when contemplating the pile of immense 
blocks of stone forming the pyramids and try to imagine what form 
of apparatus could have been used in placing those great stones one 
upon the other. 

3 In Europe the Greeks and Romans did marvelous work in roads, 
bridges, aqueducts, and various mechanical structures which the 
modern engineermay well ponder upon and admire. While we read 
much in history of the emperors and kings who reigned when these 
great engineering works were produced, we learn little of the men 
who produced them, men whom we now call engineers. 

tf While engineers have existed for thousands of years it is only 
within a comparatively recent time that they have begun to form 
themselves into societies for their mutual education and the advance- 
ment of the profession of engineering. 

5 In England, as early as 1771, Smeaton and his contemporaries 


came together to form the Smeatonian Society of Engineers, which, 


therefore, according to the calculations of a noted English engineer, 


five years older than the United States. The Institution of Civil 


1S 
Kngineers of Great Britain came into existence in 1818, and was 
followed by its sister society, the Institution of Mechanical Engineers, 
in 1847. La Société des Ingénieurs Civils de France was founded in 
IS48. Die Verein Deutscher Ingenieure was organized in 1856. 

Presented at the Annual Meeting of The American Society of Mechanical 
Iingineers, December 1909. 
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6 In this country the Boston Society of Civil Engineers 
its work in 1848. Our elder sisteramong national societies, th 
can Society of Civil Engineers, was organized in 1852 
member of th family, th Ameri ‘an th stitute of M 
was born in 1871. Our own society 

and our younger and vy ry vigorous sister, th \) 
of Electrical Enginee 


g Carne 
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Civil Engineers, the American Institute of Mining Ir ect 7 


\imerican Society Ol Mechani al engineers 
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Institu eof Ek etrical engineers, nas grown great 
tion, and each continues to thrive During the proces 
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of specialists in engineering and ma local so 
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Own. 

10 The national societies are not antag 
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the contrary, they support and give confidence to each othe Lhe 


national societies of specialists ar 


— 
national societies: they supplement them 

11 ‘The local societies are not in opposition e} sock 
ties; they extend their influence; they are the outp 


army. rhe specialists do not interf r 


specialists to a greater or less extent; but we C all engunee 
12 In the legal profession { ( ( I C 

courts: others devote themselves to titles in r Ol 

corporation law; others practi n patent causes; tl 

with each other in their pra ce; Dut wi they mee l 

associations they ar I 
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cal Engineers to respond to this spirit and to ZO to England next 
year with its best talent and its best men. 

20 The helpful codperation in professional work which has already 
been established with our sister societies over the seas is also be- 
coming manifest in our own country. The four national societies 
of civil, mining, mechanical and electrical engineers on March 24, 
1909, held in this auditorium a joint meeting on the “Conservation 
of the National Resources,” which did much to bring engineers close 
together and into coéperative relation. 

21 OurSociety invited the Boston Society of Civil Engineers to joi 
in the monthly meetings of the Society recently held in Boston 
The Engineers’ Club of St. Louis in like manner was asked to joit 
with us in the Society’s monthly meetings recently held in St. Louis 
In both cases the invitations have been accept lin the best spirit ol 
coéperation. 

22 The engineering societies of the country may be likened to 
the members of a large and harmonious family, each member ind 
pendent to do its own special work in its own way, each membe1 
ready to help each of the others, each residing 11 its own home, but 
all ever ready to stand by each other, to work for the common good 
to advance and dignify the profession of engineering 

23 «(CUA striking example of the “ getting together” of the enginee: 
ing societies is found in this b uldine which is the nome ot our Ssociet 
It is also the home of our sister socicti s, the Am« rican Institute « 
Mining Engineers and the American Institute of Electrical Ins 
neers. 

24 Under the same roof ar grouped togethe fifteen othe: Tet 
ties of engineering and allied arts. 25,000 engineers practicing in 
all the specialties of engineering may call this building then protes- 
sional home. We are living together here in peace and harmony 
We have brought our books together into a single library open to th 
profession and to the public, where every person is welcome 

25 Our meetings are held in the same auditorium and lectur 
halls; the doors stand open that all who wish may enter. Our profes 
sional brethren of every society of every country are welcome here. 
The large hall at the entrance to the building is a foyer where all 
engineers may come together on the same plane, where they may 
unite to strengthen each other, to sustain and advance the profession 
of which they form a part. 


26- The spirit of codperation which now exists must be fostered 


strengthened, made enduring, to the end that as vreat solidat 
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exist in the engineering profession as exists In any of the other great 
learned professions. 

27 Numbers in membership are, of course, important In the 
societies which represent the engineering profession, but a high 
standard of membership is of much greater importance. 

28 With a considerable number of high-grade technical schools 
throughout the country all striving with each other to raise the stand- 
ards of engineering education ever higher and higher; and with the 
eraduates from these institutions taking,from year to year, a larger 
and more responsible part in the great activities of the country, there 
is no lack of high oracle material from which to form a membership 
in the engineering societies which will be worthy of the profession. 

29 In the Institution of Civil Engineers, as well as in the Institu 
tion of Mechanical eneimeers, of Great Britain, we are informed, no 
person is admitted into the lower grade of membership unless he can 
pass a satisfactory examination as to the fundamental principles of 
engine ring, by an examining board of the Institution. The rules 
laid down by this examining board form the standard by which the 
applicants to memb¢ rship are measured. If the technical schools 
in Great Britain maintain an equally high standard in granting their 
degrees in engineering, then the degree may be accepted in lieu of 
an examination 

30 In other words, the enginecring institutions in Great Britain 
establish the standard for the degrees granted by the technical 
schools. A promotion from a lower to a higher grade of membership 
is only made upon a showing of sufficient experience in engineering 
to satisfy the rules laid down by the Institution. 

31 In The American Society of Mechanical Engineers, a person 
may enter the Society as a Junior upon the presentation of a degree 
in engineering from a technical school. But this Society has not, 
up to the present, established a standard by which to measure that 
degree. I believe the standard for such a degree in engineering 
should be established by the Society, and that it should be as high 
as that of the best schools of engineering in this country. It will 
follow that the schools having a lower standard will soon be brought 
up to the higher standard. 

32 Promotion to higher grades of membership in our Society 1s 
only made upon a showing of engineering experience satisfactory to 
our Memb rship Committee. This committee is maintaining a high 
standard of membership, and I believe that acting under the influence 


of the memb« rship and the Couneil of the Society. it will not allow 


that standard to fall, but rather cause it to rise. 
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broader man and a better engineer, if in his leisure hours he can tu 
his thoughts entirely away from his professional work and toward tl 
things In nature and art wl ich £lve that rest al | renewiuil | the f | 


fessional mind necessary to continued w 


. : ] P ‘ 4 f 
39 Engineers have known for many years tl 12 prof 


10 When in April, 1907, this build " dedicated t] 


of Yale, where the learned professions have been taught for m 


200 Vea"’s, said: 
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The men who did more than anything else to make the 1 


different from the other centuries that went before it, were its engineer 


Down to the close of the eighteent} century the tninking the ¢ intr 
dominated by its theologians, it jurists, and its physi 

The e were I y tradition the le irne¢ i professi ms, the cain nh which } 
four 1 the ight wa f ] Lhe occupatl ns where suc iu \ f i 
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It was reserved for the nineteenth century to recognize the dor ce 
ibstract thought in a new field—the field of constructive effort—a to revert 


the trained scientific expert for what he had done in these lines 


Engineering, which a hundred years ago was but a subordinate bran the 
military art, has become,in the years which have since elapsed, a dominant factor 
in the intelligent practice of every art where power is to be applied th ec 


and intelligence. 
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‘3 Where enthusiasm exists, love of work exists; success follows 
Our individual enthusiasm is quickened by the study of the work of 
our brother engineers. 

44. What engineer while being whisked through the tunnels which 
connect Manhattan Island with the lands surrounding it, can fail to 
rejoice in his profession as he contemplates the work of the civil engi 
neers, the mining engineers, the mechanical engineers, the electrical 
engineers, which, joined together, supplemented each other to 
produce success in those marvelous undertakings? Phe highest 
knowledge and skill in each of the four branches of the engineering 
profession were called for, and were forthcoming, in the consum1 
tion of this creat work. It is not a qué stion of which engineers 
did the most toward the success of this problem in transportation 
they alldid their best; they all did well; each contributed a necessary 
part to the success; they were all engineers working for th 


ment ol the profession of engine ( ring 


45 Will not every true engincer feel his enthusiasm 
fession quicken, as he watches the oTCAL VeSSt ls of trad i Lhe 
ereat vessels ot war sweep out tosea, and ne stops to consider how 


much of brains, and long CXpt re nce. and hard work of mat men are 


concentrated in each one of them? 


16 We marvel still, our enthusiasm is inspired, is we see pol 
ous steam locomotives and mysterious electric locomotives compet 
ing in the hauling of trains, « er heavier and heavier, ever f tel 
faster, and both sueeeeding 


17 Theautomobile in its present hig 


a 
practical form is the result of enthusiastic work of many engineers 
principally within the last fifteen vears 

48 The enthusiasm of the engineer is never satisfied Havin: 
conquered the highway with the automobile driven Dy the int rnal 
combustion gas engine, he now proposes to conquel the air with the 


} 


aéroplane driven by the same kind of an engin 


tT) 
I 


19 The American Soci ty of Me chanical Engineers has before 


future of usefulness to its members and influence in the profession 
which is unlimited. It only requires that we stand by our tradit 
of increasing the membership with men of high quality as engineers; 


that the members maintain enthusiastic devotion to good professional 
work: that they cOoopt rate with each othe in the broadest and most 
friendly spirit Lo produc that solidarity Ot me mb« rship, and dé 


tion to high ideals, which will compel the world to class the profession 


of engineering with the other learned professious. 








EXPERIMENTAL ANALYSIS OF A’ FRICTION 
CLUTCH-COU PLING 


By Pror. Wm. T. Macruper, Cotumsus, O. 


Member of the Society 


The following series of experiments was recently made to determine 
f a known force at the end of the 


the results from the application « 
shifter lever of a frietion clutch-coupling. Several 24-in., four-jaw 
friction clutch-couplings were used. They were the stock couplings 
made by the Falls Rivet & Machine Company, of Cuyahoga Falls, O 
They consisted of the usual shifter lever, fork, yoke and cone, sliding 
on the driving shaft The clutch arm G, Fig. 1, was a heavy casting 
ke yi d to the shaft D (iuide surfaces H were machined in each arm 
of the casting G, in which slid the inner jaws J and the outer jaws J. 
iach of the four pairs of jaws J and J was connected by pins A to the 
wedge-block L, which was fulerumed at its center M in the clutch- 
arm casting The wedge-blocks L carried adjustable steel wedges 
VY, whose inner ends O engaged the short and hardened ends P of th 
cone-levers Q, and whose longer ends #& were operated through the 
double links F by the sliding cone &. The inner and outer jaws 
aged the annular ring S which was keyed to the driven shaft. 
This ring was 24 in. external diameter and 23 in. internal diameter. 
The eight jaws were each lined with a maple bloek 24 in. by 9 in. 
in size 
2 The tests ineluded five lines of investigation: 


‘irst: To determine the forces required to throw in the shifter 
lever at different speeds when the clutch was in motion 
and when the clutch was at rest, and before and after the 
load had caused the clutch to slip on the ring. 

Second: With different adjustments of the wedges, to deter- 
mine the relation of the forees applied at the end of the 


shifter lever at different points in its motion and the cor- 


All papers are subject to revision, 
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DYNAMIC CLUTCH-TESTING MACHINE 


| To dete rmine¢ the maximum power whi h a clut h Was Capable 


of transmitting when the load was either gradually applied or picked 


up Irom rest, the dynamic cluten-testing machine | ?, Was used, 
[t consisted of floor-stands U, two co-axial shafts D and 7, 3 In 


in diameter, and a large belt pulley V on the end of the driving shaft 


D, to which power was delivered Phe clutch-coupling G was placed 


t — } ‘ 
near the middle at the junction of the two shafts. The ip 
keyed to the driving shaft D, and the clutch-ring S was keyed to th 
driven shaft 7. On the opposite end of the driven shaft the brak 
pulley W was keyed. The shifter-lever A was operated in hori- 

mtal plane. The motions required to throw in the clutch-cone E 
were measured. The lever A was operated by hand power, or by 
screw power BL, from behind a screen Y made 
the protection of the persons engaged in the test here was a hori 
zontal slit in it for the motion of the lever. 

> ‘lo measure the force exerted on the end he shif evi 


calibrated spring-balance X was used. It was of 300 lb. capacity 
and was graduated by 5-lb. divisions. 

6 The power was absorbed by a prony brake Z from the internall 
flanged, flat-faced pulley W, 48 in. in diameter, and 24 in. face. Thx 


ength of the brake arm Z was 72%; in. The brake constant was 


0.001145 b.h.p. per lb. per revolution. The effort exerted by the 
brake beam was measured by a platform scale C of 2000 lb. capac 

lhe leverage of the shifter lever A, when normal to the shaft D, was 
1.939 in the dynamic clutch-testing machin It is to be regretted 


that the power available was not sufficient to keep the speed uniforr 


at 100 r.p.m., and for this reason the machinery slowed down to 92 
r.p.m. under the heaviest loads. 
STATIC CLUTCH-TESTING APPARATUS 
7 In orde1 6 rine Iie ct ith WI mh the shoes pressed 
) 1 I >, it { ‘ i fo, when —d Vi ] I ‘ ‘ i re ‘ 
throw thi hiiter lever into op a, & i ltch-t ! 


to a structural steel frame a. Only the two Opposite arms or the clutch 
were used in this apparat ls. lhe Innel jaws were removed. Che 


shoes of the two outer jaws J were caused to press upon a dummy 
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ring mace lp or TWo separate cast iron segments / cach of thes 
segments Wis connected by the links « to thie yoke d, which in turn 
was connected through turnbuckle € lo an eye carrying double knife 


edges 7, which engaged the short and ve rtical end qd of a bell-crank 
lever fulerumedon a knife edge h in the frame a of the apparatus. To 


the longer and horizontal arm 7 of the bell-erank lever was knuckled 


i vertical prop ), the lower end of which was conical and which bore 


in a center-punch mark made in an iron bar resting upon a platform 
scale k, of 600 |b capacity The ratio of the arms was seven. ‘Two 
platform scales were used, one for each dummy ring segment. 


‘ Vhe parts ol the mechanism wer adjusted so that the knife 
edges were kept in position and bore fairly The ring segments were 
so located that their ¢ sternal diamete was 24 in oO) the same as the 
clutch ring This was done by means of the turnbuckles. When 
the ring segments were in this position the wedges were adjusted to 
make the maple sh shifter lever was thrown in 


| hoes Dye evenly Phe 


was measured frequently 


definite intervals which were determined by measuring the dis 

which the cone £ had been moved from its original position 

The leverage of the shifter lever A, when normal to the shaft, was 
1.863 to 1 in this apparatus 


+ In using the dynamic clutch i sting machine : the maple shoes 


f the wedge nuts so that they bore 


were first adjusted by means of 
then burned in by driving the shaft D and the 


evenly. They wer 
prevented from rotating. The 


the shoes of both 


to make t 


ring when the shifter leve 


hil 


coupling G while the rine S was 


wedge nuts were then adjusted 


outer and inner jaws bear evenly on the 
was thrown 

10 This adjustment was tested by means of 16 copper strips, 
in. wide, 0.002 in. in thickness, one used at each end of each shoe. 
If the shoes did not bear evenly, or at least as well as they are sup- 
posed usually to do in ordinary good millwright’s practice, the wedge 
nuts were screwed up, the ring blocked from rotating, the lever 
By this means fairly uni- 


shoes again burned in. 


thrown in, and th 
obtained between the eight 


ts and even pressures were 
he ring. With the shifter lever thrown in and the coppe1 
of being pull d out by hand, the counting of the 


form resul 


shoes and 


strips just capabl 


the wedge nuts was begun 


rotations ol Similar adjustments were 
hg apparatus, except that the shoes had 


ic clutch-test in 


made on thestat 
been surfaced but not burned in. 
11 In the tests, the wedge nuts were all screwed up, one turn o1 
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shoes with the ring. This has been frequently noted in practice in 
the shop. 

15 With the same adjustme nt of the wedges, the clutch slipped 
when transmitting 84.6, 71.1, and 65.0 h p., on the first, second, and 
third sets of trials. This reduction in the brake load shows the effect 

‘lutch shoes due to the slipping on the ring. This was 


| 
by the fact that it required & maximum of only 31 Ib 
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rABLE 1-A FORCES REQUIRED TO THROW IN SHIFTER-LEVER AND PICKUP 
LOAD 
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9 Te L. Table 2 ere made 
\ | e the forces re er 


n ‘| lL be se there nter rT 
nd ring of the clutch sho Phi 
made with o1 rn Vv In service, the other being disconnected 
0 Fror hese tes it will be seen tha he ree requl 
throw in the shifter lever slowly and steadily by hand power ave 
a the static apparatus Ss per cent and on the dynami machine 


i 


about 79 per cent of that required to throw it in by screw power; 
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rABLE 3 TESTS I FORCES REQUIRED TO THROW IN SHIFTER-LEVER AND 
CORRESPONDING PRESSURES EXERTED ON PLATFORM SCALES 


rests ON Static Ciutrcu-TesTinGc APPARATUS 24-19 Four-AxM, 5oLiIp CLutcu-CouPLina: 


Usinc Oniy Two Outer Jaws 


Distance CORRESPONDING Net 
Cone is Corrected Spring-Bal PLATFORM Scat 
Moved ince Readings of Forces READINGS 
Exerted at End 
Shifter-Lever 
Inches West ] 
- 1S bl ] 
P 43 5 6 
102 116 
144 159 
l 0 179 192* 
l Ss 209 22 
ly , 5 248 
l rl 56 269 
2 18 v1 87 
) 5, 13 G0 04 
16 8 503 314 
+} 312 23 
Ss 2 s18 330 
ts 0 1 i35 
>a" 5 326 337 
+} 16 328 339 
tty 8 330 339 
1,3 0 329 ,304 
Max i I e re i A shifter-] 
+ Max i pressure on 8 s 


22 Table 2 gives the results of the tests with the static apparatus. 
The maximum forces required to throw in the shifter level by screw 
power and by hand power, and their ratio, the corresponding 
axial pressures, the corresponding net platform-scale readings, and 
the actual shoe-pressure readings for these two maxima, are given 
“WW” and “I” mean “ west’’ and “east’’ and refer to the relative 
positions of the two scales on the left and right hand sides respec- 
tively, as in Fig. 4. 

23 Comparing the figures in the last column, which give the ratio 
of the sum of the maximum actual shoe pressures to the maximum 
force required to throw in the shifter lever, it is seen that the force 
ratio varies from S85 for three turns of the wedge nuts to 53 for eight 
turns of these nuts, with an average of 68. This shows that the 
efficiency is much greater under the lesser pressures, 

24 The two tests at seven turns show the effect of compression 
in the form of set, not only on the shoes but on the various parts and 


joints of the clutch. 
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rABLE 4 TESTS | FORCES REQUIRED TO THROW IN SHIFTER-LEVER, ANI 
HORSEPOWI TRANSMITTED 
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29 The smoothness of finish of the block, the uniformity and 


trueness of the bearing surface, the deflection of the plate, the cusl 
ion of air between the block and the plate, each has its effect On 
the angle of friction. 

30 The number of tests made with flat mapl blocks does not 


warrant the drawing of very positive conclusions, but it would seem 


that the average frictional re sistance under load was greater [rom } 
than the resistance under load in motion. in th proportion of the 


tangent of 18.5 deg. to the tangent of 13.3 deg.. or in the propo 


of 0.33 to 0.24 


FOURTH SERIES OF TESTS 
ol wiv next eT1les of tests w 3 to dete mine Live 
mitted lO] aitterent adjustments Ol the weaves corresp 
different forces required to thro n the shifter lever 


maximum power which the eclutch-coupline was canablk 


mitting, and the maximum powe1 which it was capabl 


up trom rest 

32 For these tests, the dvnamiec cluteh-t. c] 
[he wedges were adjusted so that the shoes bore { 
To determine the maxim lm power vhich the ¢ ILch-co 
capable Ol transmitting, the wedge nuts were gradua 
and the brake screwed up either until the coupling slipped 
case the wedge nuts were tightened up furt er, or els 
broke Tabl ! vives the results Ol Ul sect of tests, trom whi 
will be seen that with a maximum of 114 Ib applied by serey 
at the end of the shifter | ver, corre Spo! ding Lo al axial thrust of 563 
lb., when revolvine at 04 rp.m. under a net brake load of 1745 
the clutch transmitted 187.8 h p., under which condition the 
slipped, the speed varying from 94 to 98 1 p.m., and bot! 
ring broke. Chis corresponds to 199.8 b.h p., or pract 
maximum of 200 bh p-, lor a speed of 100 r.p.m 

30 Table 5 gives the results of the tests with the aynan ite! 
testing machine , of the forees required to throw in the 
and the horsepowers transmitted wit] eradually applic 


applied loads. The latter are what are someti 
loads. From this table it will be seen that with a net b 
9QS6 lb.. when running at 9 Dp. thie 

and had it tarted when thi | < 

picked up 102.2 h.} rh espond 112.8 
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FIFTH SERIES OF TESTS 

o4 lhe last series was to determine the relation of the maximum 
forces applied at the end of the shifter lever and the corresponding 
axial forces, to the maximum power transmitted by two-arm and 
four-arm clutches for the same adjustment of the wedges. 
35 To pertorm this test on the clutch which had been tested in 
the dynamic clutch-testing machine (See Tests H of Table 1), the 
two opposite pairs of jaws were disengaged by unscrewing their 
wedgr nuts, and retaining the same adj 


justment on the two other 


pairs of shoes. It was found that it then required a maximum of 
15 Ib. to throw the shifter lever in by screw power, and that when 
revolving at 95 to 96 r.p.m the clutch slippe d at 51.8, 54.0, and 52.9 
b.h.p. respectively. When the wedges were tightened up one half 
turn tTurtner, it re quired a maximum of 114 lb. to throw the shifte: 
lever in by screw power. When running at 95 r.p.m. the clutch 
lipped when transmitting 79.9 h.p. After the test, it required a 
maximum of only 80 Ib. to throw the shifter lever in by screw power 

36 Comparing the tests of these clutches, with four arms and two 

ms, the wedge nuts being turned up three and one-half turns in 
both cases, the horsepowers required to slip the clutch were found to 
be 124.8 and 52.9 (average of 51.8, 54.0, 52.9). This would seem to 
show that the two-arm clutch transmitted only 44 per cent as much 
power as would the same clutch with four arms for the same adjust- 
ment of the weder As the axial thrusts, however, were in the sam: 
proportion, 103 to 45, it would seem as though the horsepowers trans- 


mitted were directly proportional to the number of arms, whether 


two or four, and to the forces required to throw the shifter lever 
in by screw power, and therefore to the axial thrusts No tests were 
, | } ry litel 

(it \V l irtli Clu ches 


A That at 100 r.p.m., with the shoes properly burned in and 
the wedges adjusted so as to give equal pressures between 
each of the eight shoes and the ring, and with no excessive 
ost motion between the jaws and their guides in the 
clutch-arm casting, a 24-in. four-arm solid clutch and 


ring will probably break: 
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5Y deg. fahr and under an average absolute pressure of On water 
and 29.8 in. mercury, 
_ 3412 
A 170.000 
S 


35 Therefore for the condition of the gas when the tests were made 
: Ke ; 3412 
the spec 1c heat per cubie 1oot Ne) () OVO] lt this be re 
170,000 
duced to standard conditions of 32 deg. fahr. and 29.9 in. mercury 
then S 0.021, which is to be compared with the calculated specific 
heat Pa 1-4), oly ing >) 0.021] If the standard conditions are 
iken as 62 dee. fahr. and 29.9 in. mercury, the specific heat becomes 
O.O19S and the eonstant becomes 
3412 a . 
K 172.500, nearly 
0.0198 : 
K 72.500 
5450 C orG A550 | 
] 5 
ling wattmeter is ruled 


a8) he | =S-SeCcLIO! papel on the re rau 


so that 3450 EF is read directly, instead of the watts £ lhe record is 


. : , - , . 
hus read directly in cubic feet of gas The regular records of chem 
al analweic af +} rae al ild he refer) } 4 { , Ime ¢t +1) 1 ) ler 

Li «i < \ 1 Ol the Las noua pe reterrea Oo trom time ) ein orael 
; : oi . | -_ : . he ;, 
oO ascertain wha percentage Varlavlon akes place In specihe hea 
fF appears, as stated prey lou ly, that the elements which vary dur- 


ing the operation of a gas plant are not those whose variation would 


produce serlous \ irlation in specific heat. The Variation that does 
take place is apparently well within the limits of accuracy practicable, 
or gene rally consi lered necessary in the operation of vas plants. By 
taking frequent chemical analyses the error can be reduced SO as tO 
be quite negligible 


37 The conditions during the air tests were as follows: barometer, 
29.79 pressure 6.5 in. water; average temperature of air as measured 
in the wet meter, 60 deg. fahr. From the air curve obtained unde 
these conditions (Fig. 10 
— 3412 
K ISS.0O00, and S 0.O1S] 
IS8.000 


oo weducing this to standard conalitio! Ot 62 0) 
ercur\y Ss (LOT9] his is to be compared with he accepted 
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THE TRAINING OF MEN--A NECESSARY PART 
OF A MODERN FACTORY SYSTEM 
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+ 4 ] 4 | 
} Ss returned ind na tnIs col Ol WW i De i entuated rie oes 
4 + ] +) + 
snould we, then, not pro D he lessons of the } ind cast 
! 
bout r a dequate remedy Now is the tin oO analyze the 
tuation, and n the ont ol our experl ce, WOrkK O L ¢ prenensive 
pohey which w enable us to cope with the exigenci hey arise 
his 18 a matter wh concer! every manulactulel arg na smal: 
tis as] h a problem of business savacit S mmediate necessity 
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$f In D ber 1906, Lhad the privilege of presenting to The Ameri 
Can Society I Mec] nicai ] hgineers my 1dea concerning the trau 
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ing of young men for positions as skilled mechanic nd foreme 
and of showing how this scheme had been put into pr: 
tion through the apprenticeship system or the Wene! { ( 
pany al West Lynn, Mass In the meantime tl S\ 
materially extended so as to provid aequal 
¢rammatl school, a high school, or an engineer 
New lines of factory work have been included, 
been taken of the necessity for training machine specialist r} 
educational scheme of the Lynn Works, therefore, pr 
present scope a comprehensive policy 
5 The underlying thought of all this 
skill will demonstrate its full potential value only 
by intelligence. Each course of tran Ing, exc pt in the « 
specialists, includes, therefore, distinctive educatior "\ 
scope of each course is based on the previou eau 
vidual. There are, of course, young men of prot 
ability, who, no doubt, would prove to be efficient in 1 
from which the above educational requirement exclud 
deal with these exceptions would complicate the proc 
the system ol training In the training courses { 
alone, which are ordinarily open to gramma 
boys with an incomplete grammar school educat | 
satisfactory examination, ma ( amitté 
rigidity of requirements is necessarily maint 
6 In the training leading to positions as 
as shaper, lathe and boring mill hands, milli 
etc., no provision has yet beer 
distinctive from training for sk I} 
however, without undue ex) lit 
7 The company recognizes the ¢ stence 


in the elass of unskilled labor fro: k of opport t ( 


or due to other cireumstan¢ 
same general reasons rema n such service iy 
disposition and general makeuy re bound to find 
such unskilled labor, while on the other hand, 1 
a comparatively short time emil-skilled and skilled 
Such training will increase their economic ie and their « 
ment and add materially to the produ tive eff 

8 In pursuance of this policy a systemat 
from among the unskilled workers men of from 20 & 


who give fair promise of success as machin " > 
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these men are now receiving instruction in lathe work, others in 
shaper or boring mill, or planer or milling machine work. This train- 
ing lasts from three to four months, depending on individual capacity, 
and the men receive during that time an hourly rate which gives them 
a living wage \ capable instructor makes the selection, assigns the 
men to the various factory departments where machines and work 
and supervises their training 
9 These men are, of course, under the foremen in whose depart- 
ment they are working for the time being, but the instructor, who 
capable sl illed mechanic, having had charge of men for 
rs, sits them almost daily and sees that they receive work 
Al nstructive character and of advancing difficulty , as far as this 
ne without undue interference with the productive require 
the factory When the instructor is satisfied with a man’s 


of handling his machine and of turning out a fair amount 


ssigns him permanently to a foreman who requires such 

phe } hine specialist then takes his place as a regular 

] es reg ilar day or pl e work compensation. The 
e ) ! I vever, may) apply again to the instructor for special 
! ther machine: thus eradually fitting himself fo 


ind machinist and tool-maker, with correspond 


} he _ 7 
10) \n arrangement ol his kind entails no material hardship on 

’ ( es many men an opportunity to rise to a higher plane of 
matically s Ipplie s the factory with capable machine 

sts ! tends to attract to the factory men of ambition and 

mill his work might be further extended by giving to those 

v] innot sacrifice the temporary reduction of wages, an opportunity 

ve their training during evening hours and on Saturday aiter 


his problem was outlined in my paper, A Plan to Provide 


Supply of Skilled Workmen (Transactions, vol. 28, p. 439) 


NING OF MECHANICS, F*‘ IEN, DESIGNERS, ETC, 


11 Far more comprehensive in scope, and covering a longer period 
ne, must of course be the training of those who are to take posi 

shighly skilled mechanies and foremen, designers and engineers, 
| managers. The industries themselves ' must 
hish t! l! belt Inasmuch s our school systems do not provide 


tod and ve likelv in the future will be able only to approach 


requirement Mental training closely correlated with prac- 
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It had its inception in the belief that the appre 
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taught self-reliance much 


ind the apprentices ure 
j neyman 


if their every stl 


ry was directed by jour 
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being to train skilled and intelligent 


in this basis industrial foremer 


f the individual instruct that not 


of apprentice- 


is served a short 


No course ! 
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each apprentice being advan ed as fast as is con- 
ei lual capacity He must have a fair inde! 
rine nd be ble to produ e his wo! with con 
| a fair deeree of speed before he can be advanced 

lieves that inasmuch as it pays good apprentic ; 
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31 ( » send tl nprentices to different 

ry er about a yvé n the training room; 

the trainin room was extended to two years and 

Ss to merease it to about thre e years before giving 

hance to acquire additional experience The ad- 

wngement lie not only in the extended systematic 


.ntices. but also in their better general supervision 
pre ssionable period of their lives. At times, of course, 
training are loaned to factory departments 


es of tri 


the other hand, some of those who have 
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S serving as assistant rorel 
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d not be the sole aim except tor those with 
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pertinent Che final change in th 


a year ago, calling for an entrance ¢ 


of collegiate erade, and for the extended tral 
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pictures, drawings and charts 


of up-to-date, practical Intormat 


from books or from outside soi 
have expressed their enjoyment 
a certain class spirit which result 


to the employer and a broader 


spirit is discourage d, on the othe 


the students may never forget that 


in the service of then employe 
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months on transformer windins 


former and rectifier testing. 2 
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in which the machining of turbines, street-cai motors, and large 
motors in general, is done. Students inclined toward light work are, 


d, transferred to machine and tool-making depart- 


ind insti iment or fan motor building. 


Some of the students spen: 


departments, again with particular reference to their future specialty 


a month or two in winding and insulating 


15 For the following ten months approximately, students are 


ed to the drawing office, where thev work first on detail draw- 


ngs and then on assembly and layo it work Part of this time is 
levoted to tool designing, when students learn to design a drill jig 
milling fi e or similar auxiliary apparatus for economic whole 
ile manufacture The advantages of the drafting experience are 
ybvious, especially for those who wish to become designing and manu 
cturing engineers. Inability to read drawings quickly, with an eye 
ees the delineations grow into Shap and form an achievement 
VI ( rit l only through a somewhat extended draft 
experience ents many college-bred junior engineers from 
eupvinge po responsibiltiy in designing and manufactur- 
Drawin is the language of the engineer: it is equally 
the one who supervises draftsmen and designers, or who 
lrawings to the mechanic and the foreman, and to the 
vho wishes to sell a piece of apparatus, when, by means of sketches 

! strat ne advantageous points of manutacture 
16 he re ne four « months of the course are devoted 
" eading to some definite occupation after graduation 
( hus, if the committee and the student agree that 
d he along manufacturing lines, he may act for 
ssistant to a department foreman, and acquire 
lditional sp ed shop experience \nother student, better 


ted tor scienti research or tor gene ral n athematical work, may 
ceive few months’ experience on testing, especially of experimen 
wwparatus ind May tempo arily be assigned to an engineering 


\ student who has shown particular aptitude for com 


erclal w may be ven some production and cost-accounting 
per rie ne Tuture salesman IS given an opportunity to 


pend the remainde of his course in various testing departments 


point 18s made oF studying the deve lopment of each student, 


Qo rE, . p rder to tran hin alone nes ot his oreatest 
apa 

17 r} ¢ he esis SISt evel student ] 
he ¢ " é rTI« tne me time ct Irom him i full 
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DISCUSSION 


THE HIGH-PRESSURE FIRE-SERVICE PUMPS 
OF MANHATTAN BOROUGH, CITY OF 
NEW YORK 


By Pror. R. C. CARPENTER, PUBLISHED IN THE JOURNAL FOR SEPTEMBER 


ABSTRACT OF PAPER 


the city of New York and gives the results of tests of the pumping machinery 





Chere are two pumping stations for the system located in different parts of thi 
city, deriving their supply from the Croton system, although s water can 
ised In an emergency Chere are five pumping units in each station cor ting 
of Allis-Chalmers five-stage centrifugal pumps driven by luction motor I’) 
p each have a ¢ ipacity of 3000 gal per min. and a aé ery pre i! ft 300 
iD. per j. In Che distribution system covers a large section of the city betwee 


Chambers and Twenty-third Streets and is designed for the high pressure tl 


must be met in service In the tests the quantity of water discharged wa 
measured by venturi meter Tests were made of the pumps when run 
together and of certain of the pumps running singly under different discharge 
pressure The efficiency of the pump tested singly in one of the stations u 
normal conditions varied from 70 to 77 per cent, and the pump tested in the 
other ler th cond 4 76 to 79 
were put ) crucial t i yi,s 3, 104 t i ( 
IO! iivé I! litaneous hres meeven purhy were yperate | if vt { >) 
per I iwainst al erage pressure ¢ bk I } } i «U0 
hydrant rhe total ; page wa 14,095,000 ¢ i the current use $1.45 
KW-ft ( g $122 
DISCUSSION AT NEW YORK 

Pror. GEorGE F. Sever.' The electrical features of this install 

tion are of much interest but the reasons for selecting that syste. 


which is now In Opt ration should be eiven In the diseussio1 f thy 
problem both alternating and direct-current power were considered fo1 
the operation of the motor-driven pumps, and alternatir irrent 
power was decided 1pon The reasons for such selectior [ have 


noted herewith: 


' Professor of Electrical Engineering, Columbia Univer 
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HIGH-PRESSURE FIRE-SERVICE PUMPS 


. continuous and uninterrupted supply of electric power when requir 
the ( ractors shall and will pay to the | re l Ol tive 
hundred dollars per minute for each minute’s interrupt r delay 
= < lc pow ipply after the power has been interrupted 01 
Mat yCu nre ecutive minutes S I Vy ¢ ( el 
Powel I I I f Lptlol of tl ( ( i hare 
$500 pr mposed and is deducted bills which tl 
Yo lid n Company rendel 
» ‘The opera of both thes« \ 3 ; 
na viten irned, thi vine the 6600 volts d . 
‘ ‘ i je) 
L to « ed 150 per cel 1 cu 
( \s1 sl have | n of 
olutely n ible f he ib 
New York | Wo plat vhich y ’ 


Wa. M. Wuire. ‘The paper deals with questions in which | am 
iF t 7 ’ 7 , 7 | ’ ’ ' ’ ‘ y Tt? ? 
lirectiy interested. The methods employed in making the tests 
vere probably the est that could have een select ‘here is 
) ibliy no more accurate method ol det lining the quantity Ol 
water aelivered pump than by the venturi meter, especially 
Vie n the ! l ( in expe no is i 11a tn 1ts ) in 
Uhe ( ] eter, as Professor Carpenter says, has beet ised ior 

, , + , } , 4 1 | 
Liu ( Vears i weeh vesved ll i jus Way i prove LO 
v irate esults The | er delivered to the ] an ( 

{ ur Obtained y electul il instrumen 

, \ , ’ ‘ : 1 } t ‘ + } +} ’ new 

~ it Wi { ALLO VLS vi iV Gut Jil \ { | \ { Citil i 
ied and presented by the author, who s illing attention to 
I iriation in einciencies obtained, tl { 1i@ Individual observation 

i + , yy 

1O O acres i closely aS he Would Iik¢ I do not thin Protessor 

( rpenter should oiler any apology as the results seem to agree very 

+ . | 

LOS ind Cel nly are as accurate @s are generally Obtained On WOrk 

i this Kind Lhe ethciencies obtained on these Jumps, though not 
, 

the highest that have been obtained, are as high as 1s usual IO! 

similiar conditions ol head, Capacity and speed. lhe designers ol 


the pumps, as me ntioned in Par. 695, 


the pumps deserve credit for the performance shown by the pumps. 


I am at a loss to find a reason for the variation in efficiencies of 


where it is stated that individual 
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DISCUSSION 


O Ot preiitminary service tf 
- ° . ) 1 . . 
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regret that Professor Carpenter did not give the results of his tests 


on the New York fire-service pullips at lowe! Cupar ities All of tl 


tests were made at capacities considerably in excess of that for which 


the pumps were designed and they apparently show their best effi 


clency at approximately 25 per cent over the normal rating Ch 
increased eficleney at excess capacity seems to be apparent u evera 
recent tests made on high-lift centrifugal jumps The S-stag 


machines previously referred to give their best efficiency at 1300 gal 
or about 30 per cent over rating. 

2 Mr. White has raised a qu stion as to the difference in efficienc. 
between the New York fire-service pumps working in multi 
aS separate units. ] think this is oceas! med by the Variation 1 
capacity of the pumps when working together on a common suctio! 
and dischare lin | have found it rather difficult to balance two 
centrifugal pumps on a common discharge, and pitot tube tests indi 
cate in almost everv ease a considerable difference bety 


of water handled by the individual units under these conditio1 


3 Ihave in mind one installation on fire service, where the pun 
were called upon to deliver against the maximum pressure for which 
they wer cl signed and it was only with nsiderable difficulty that 
we were able to cut in additional units. I think that if venturi mete: 


or pitot tubes had been placed on the discharge of each of the five 
pumps when they were working in multiple, a difference in capa 
of the several units would have been sl} wh, WI th Ww 
for the difference in efficiency observed when the pumps were working 
individually and not in multiple 

GEORGE A, ORROK \t the time of the award of contract for thes 
fire pumps, the New York Edison Company was obtaining proposals 


ror centriltugal reea pumps a som what similar servic nd elgnt 
1000-gal. 300-lb. pressure fire-stage pumps were purchased Phere 
Was no atl mip Lo obtain iu high cuarantee for efhye lens , WUL The 
builders did state that under the above conditions an efficien 
65 to 6S per cent would be obtained. These pumps were of the J 


tvpe and under test showed an efficiency of about 68 per cent 

é Fig. 5 shows that the high pressure fire-service pumps are of th 
Kugel-Ge Ipke type and should be a trifle more efficient because 
smaller friction and leakage. Seventy-one per cent seemed a ve 
high efhiciency and many doubts were expressed regarding the fu 
fillment of the guarantees The extreme figure of 79 per cet 


obtained is probably the result of careful design and extra OOd shi 
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educed Thus, the 500-eal. underwriter pul pore erred to will d 
charge S70 gal pel min. at 60 Ib., or enough for four streams at thi 
pressure It will o1VE three streams at 90 lb... two streams at 110 


lb. and one at 117 Ib all at constant speed without any regulation 


‘ifications for e 


6 The City of Toronto has recently issued specifi 


trifugal pumps To the ir COTE ral municipal waters ipph among whicl 
are several fir pumps capable of discharging against 300 Ib. pressure 
These pumps, however, are to be equipped with able-speed indu 
tionn rs, the pressure regulation being obtained by speed varia 
his is superior to throttling regulation from the standpoint of eu 
ent economy and in the case of the New York installation a cor 
iT tbl saving could be made by this means, as Most i the tires ! 
De handled with 200 Ib pressure or less. 
H. Y. Hapen \ somewhat unusual result is obtained from this 
type of pump, f s the total head continues ncrease beyond 
{ I ) ne Capac falls off with the re Su nat he Capa 
ive s given in Fie. 7, shows a backward tenden: It will be 
nterestin » or he explanation of this 
» ‘There is unquestionably a large field in fire protection for stean 


centrifugal pumps, and it is to be hoped that the Fir 


f 
{ | ire pro 


Underwriters will officially accept this type of 


; 


tection unit 


[ beheve that a properly designed centrifugal pump, for high speeds an 


\ 
. I 


used to great advantage when direct-connect 


Tuomas J. GANNON.’ It was decided to use electricity as power 


for the pumping stations, because the first cost of installation and 


the yearly cost. of operation and maintenance and fixed charges 
were estimated to be lower, taking into account the intermittent 
service. The construction and operation ol a steam plant were 
entirely out of consideration and the choice lay between gas-engine- 


driven and electric-driven pumps receiving power from outside 


SOUTCEeS, 
2 It was estimated that gas operation of plants equal in capacity 


to the present electrically driven plants, would involve a fixed 
charge of $50,000 a year, in addition to the cost of the gas actually 


consumed. The question as to who should build and maintain 


Borough 


engineer, Dept. Water Supply, Electricity and Gas, Manhattan 


New York. 
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the necessary large gas mail tt 


i million dollars, Was hot ienn 


gas-engine-driven pumping plan 
double, both for machinery 


chased, is borne out by the acti 


; l COST OT ti! 
hattan and at Coney Island 
3 The capacity of the gas-operated Cone 
gal. of water pel min. against head of 150 | 
of the machine ry 18s approximately $37,000 a1 
approximately $10,000. The combined cap 


plants in the Borough of Mar 


30,000 gal. per min. against a he 
station for three additional p 
each, making a total combined 


against 300 lb. pressure On 


the pumps was approximately 20 


capacity. 


t Furthermore, the fle: 


increased discharge at iower pres 


approximately 5500 to 5600 


and 200 lb.. or a combined 


against 200 lb. pressurs Tl 
the station is operated for most 
horsepower of one plant, as 


mately in the ratio of 20 to 1. 


5 The first cost of installati 


is therefore more than doubl 


electrically driven plant, 


each of the two Manhattan pum: 


of land, was practically 240,000 
6 The high-pressure fi 
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total of 72 fires for which the high-pressure service had been used 
up to that date. 

7 To insure readiness for service at all times, daily tests are made, 
f at least half an hour’s duration, unless the station has been in 
actual operation during the preceding 24 hours 

8 During the first quarter of 1909 the number of aiarms received 
was 239,and water was taken from the station for 125 actual fires. 
The total amount of water pumped was 17,840,000 gal., and 145,900 
kw-hr. was consumed. It was on January 7,8 and 9 of this quarter 
that the three large simultaneous fires mentioned in Par. 75, occurred, 
for which over 14,000,000 gal. of water was pumped, leaving about 
3.800.000 gal. for the balance of actual fires occurring during the 
quarter. For these three simultaneous fires more than 81,000 kw- 
hr. was consumed while the total consumption of power for the 
quarter for all fires and testing purposes was but 145,900 kw-hr. 

9 As to why a pump running singly develops a higher efficiency 
than when running in conjunction with several others, it is observed 
that pumps of the same type do not necessarily develop their best 
efficiency at the same speed and pressure. The pump running 
singly will naturally develop a pressure which corresponds to its 
own design, but when working in multiple, it will have to adjust 
itself to the common pressure. 

10 As to reliability I have neither seen nor heard of any time 
when any one of the ten pumps installed in the Borough of Man- 
hattan has failed to respond instantly when called on for service 
and to develop the full pressure on the system within one minute’s 
time. At no time in service have the pumps shut down of their 
own accord. 


Henry B. Macuen.' Among the many difficulties encountered 
during the construction of the distribution system, perhaps the 
vreatest Was that due to the congested sub-surface of the street. 
which was a source of continual extra expense to the contractor, 
and of worry to the man in charge of selecting the location for the 
excavation of the trench. 

2 The intersection of Sixth Avenue and Fourteenth Street may 
be cited as an example, since complete notes are available, due to the 
station excavation for the Hudson Tunnels. Here there were nine 
gas mains east and west, and nine north and south, belonging to 


Engineer, Dept. Water Supply, Electricity and Gas, Manhattan Boroug! 
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four different companies; two water mains in each direction; sewers 
and their connections on each side of the street; five Edison duct 
lines, and five duct lines with large manholes belonging to the Con- 
solidated Telegraph Subway Company or the Empire City Subway 
Company; the conduits and banks of ducts of the Fourteenth Street 
and the Sixth Avenue trolleys; and lastly, the columns of the el 
vated railroad with their deep foundations. 

3 Through this network the high-pressure main had to be s 
laid that the construction of the Sixth Avenue tunnel would not 
require it to be relaid. The excavation was carried on by tunneling 
with here and there an opening through which the earth could be 
hoisted, using a pail let down by a rope. The pipe Was lowered 
into the trench some distance up the street and pulled through 
piece by piece, inspection of the running of the joint and caulking 
being almost impossible, since the space admitted but one man 
at a time after the pipe had been hauled in 

t This condition existed at nearly all intersections of the man 
thoroughfares, such as Broadway, Sixth Avenue, Fifth Avenu 
the Bowery, CUC., and accounts for the high cost of laying the main 
averaging about $11 per ft. complete 

® The second great difficulty encountered was in obtaining th 
prescribed test, which called for 450 lb. pressure per sq. in 
held for 10 min., during which time the leakage was measured 

6 The system contained about 10.000 castings SO, O00 be 
straight pipe, tested at the foundry to 650 lb. The specials were not 
tested. All these castings, as already stated, were tested in the 
ground to 450 lb., the mains being under pressure in sections about on 
block long, between gates. 

7 During the eighteen months the system has been in service 
there have been but three breaks in the mains, all three in casting 
which had been subjected to the foundry test of 650 Ib., two breaking 
at 150 lb. and the third at 300 lb. pressure 


1 1 


S ‘To overcome the danger should a break occur during a fire 
the proposed extensions to the distribution system now under contract 
amounting to about $1,500,000, are laid out on what the department 
calls the duplex system. This method of overcoming the difficult) 
was first suggested by Mr. Blatt, assistant engineer of the High- 
Pressure Bureau. It consists of laying two entirely independent 


systems of mains and hydrants in alternate streets, the hydrants 


of one system being painted red and the other green. The mains aré 
so laid out that at nearly all intersections of streets hydrants of 


both colors are available. 
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9 Should a break occur in either system, the operator at the 
pumping station would at once know in which system the trouble 
was located by looking at the venturi meters, and by throwing a 
switch he would start the closing of two electrically driven valves, 
separating one system from the other. Hydrants would then be 
available and in service pending the location and isolation of the 
damaged section. 

10 The section now in operation was designed to give 20,000 
gal. per min. on any one block with a loss due to friction from pumps 
to hydrant not to exceed 40 lb. The duplex extension will give 
the same results, and should either half be out of service by an acci- 
dent, there will still be available at the same location 10,000 gal. per 
min., with a loss from the pumps to the hydrant in the most unfavor- 
able location not exceeding 50 lb. 


RicHarp H. Rice. This paper shows that the installation de- 
scribed has been made after the most careful study and a very intelli- 
gent choice of the types of apparatus to be used. The choice of the 
centrifugal pump for the work described is thoroughly justified by 
its simplicity and by the efficiencies obtained. The choice of alter- 
nating current as the source of power, in view of the unlimited supply 
of current existing and the duplicate means of conducting it into the 
station, is also justified. The centrifugal pump is today the popular 
means of producing pressure for emergency fire purposes, as in the 
fire boats of New York, Chicago, Duluth and San Francisco, and the 
new high-pressure service of San Francisco. In San Francisco twelve 
of these pumps are now being installed, four on fire boats and eight 
for an auxiliary fire installation. On the fire boats centrifugal pumps 
are particularly adaptable as they can be run in series or in parallel. 
In parallel they give 150 lb. pressure, and in series the pressure is 
doubled. This pressure is particularly valuable where walls have to 
be battered down, or streams thrown long distances. 

2 In cases where electricity is not so available as it is in New 
York, steam turbines are being installed, and they offer advantages 
over the gas engine, where maximum reliability is considered. 

3 As an emergency installation pure and simple, I think the 
installation mentioned in the paper can be still further simplified. 
I believe the speeds chosen for operating the pumps are too low, 
and that the pumps contain too many stages. I have had occasion 
to make extensive researches in centrifugal pump design with special 
reference to operation at steam-turbine speeds, and have found that 
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I think is also due to too close connections along the inlet and outlet 


lines and a cramped condition generally. Of course, a disturbance in 
the watel column and in the hydra ilic horsepower would unbalance 
the electric power to a certain extent, perhaps not much, but the 
total disturbance may very easily result in the loss of several points 
in the effici ney 

tf Considering the fact that the city pays by the kilowatt-hour 
for its electric current as per switchboard reading, it would be no 
more than proper to state the efficiency of the machine as a whole, 
ind not exclusively upon the basis of motor efficiency obtained in 
the shop of the makers a thousand miles or so away. In this case 
when 100 h.p. in current is supplied to the switchboard. the moto 
has shown an output by a competent test of 93.2 h.p Par. 37—the 


6.8 h.p., although charged against the city in the power bills, being 
n, all that is charged against the 
pump is 93.2 h.p. The 67.57 h.p.shown by the pump for each 100 


h.p. at the switchboard indicates only 67.57 per cent total efficiency, 


although the 67.57 | p indicates 72.5 pe! cent efficiency Ol the power 
delivered by the motor. I have tested several centrifugal pumping 
plants of various sizes and powers, and the total efficiency generally 


shows from 64.5 per cent to about 68 per cent and very seldom above 


» Mr. Bibbins touched upon; the possibilities of utilizing the 


entrilugal pump for waterworks service, but upon investigation 
he would find a vast difference between emergency service, where 
pe 1g ounts for little in the face of great danger from 
re, and the steady and necessarily economical service required for 
he continual p IMmMping in waterworks stations To show how decep- 


portion ol the truth may be, a Case is cited where a pumpage 
a capacity of 10,000,000 gal. per day against 110 lb. load could 


by an 


easily be accomplished with displacement steam machinery b» 
expenditure of $10,000 per annum for coal. But an attempt to 
drive centrifugal pumps by electricity resulted in a cost for electrical 
power, at $6.90 per 1,000,000 gal., of $23,725 per annum; showing a 
difference in favor of displacement steam machinery that would 
pay 5 per cent per annum on $275,940. There is no conceivable 
difference in cost of machinery, buildings, maintenance, attendance, 
or anything else, that would justify such a preference for electricity 
and centrifugal pumps over steam and displacement pumps. Note 


the following figures: 





LO,000.000 ¢ dally, against 110 


120,000,000 steam duty with S 


i 


boilers, coal at $2.50 per net ton deliver 

lectriec power at $6.50 per 1,000,000 gal. against 110 
means 3,650,000,000 gal. per annum at $6.50 

Che difference in cost for the element of powe1 $13,797 


per annum, which at o per cent Ww capt ZA 


6 The steam-driven, reciprocating, displacemen 


can show a mechanical effici ney, Irom th power 
throttle, to the water-horsepowel of the pumps 


} 
I 


cent, never as low as YO pel cent unde r the above 


centrifugal pump when steam-driven has a correspond 


of about 65 per cent, and when electrically driven of ab 


cent. A comparison of tests is given in the tables 
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SUMMARY FOR STEAM RECIPROCATING MACHIN 


Coal per innum S11 
Wages per annun 


( 
Putt 


Capital charges on engine 
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2 ‘The pumps show a remarkable efficiency, and one of the principal 
points that should commend them to those interested is their great 
flexibility as to capacity, a characteristic that every fire pump should 
POosst ~~ 
3 The eight fire pumps now being built for the City of San 
Krancisco are of a combined capacity of 216,000 gal. per min., 
under a working pressure Of 5VU Ib. Kach of these pumps Is driven 
a 750-h.p. Curtis steam turbine, operating at a normal speed of 


[SUU r.p.m. 


li¢ ; ! 
! In addition there are now being completed four fire pumps 
or Unt oa Dennis Sullivan and David Scannel, of an aggregate 
Capacity Of YUUU gal. per min inder 300 lb. working pressure, or 


18,000 gal. per min. under 150 |b. working pressure, the pumps 


being so ar! ved that they work either in series or In parallel 
he pumps have all been subjected to 24-hr. tests, and while the 
on these tests are not sufhciently complete for publication, 
Wa now that the pump ire not as flexible as to capacity, or 
re not as Capable ol pumping an excess quantity Ol water, as are the 
Manhattan pumps. The reason for this is that the impellers in 
e San | © pumps are only 132 in. in diameter, while the 
niet to the mpellers is iess than 10 in. in diameter, this opening 
eing furthe tricted by the pump shaft, so that it is impossible 
ObDtvalIn ] excess water from these purnps, ho matter how much 
below the normal the discharge pressure Is Carri l. 
> In the station pumps now being built the velocities at the 
entrance to the impellers have been somewhat decreased, although 
is impossible to make anything like the excess capacity shown by 


the Manhatt 1 pumps, which have impellers of such a size that 


W. B. Grecory. It is gratifying to know that efliciencies ranging 


from 70 to 80 per cent may be obtained with well designed five-stage 


turbine pump Che high-pressure fire-service pumps in New York 
epresent one extreme of conditions, while at the other extreme is 
he centriiugal pump used in the rice irrigation territory Ol Louisiana 


and ‘Texas for raising large quantities of water through compara- 
tively small lifts g 
wa 2 4The improvement in design of pumps of the latter class in 
a’ at i i 

theilast.ten years, and especially in the last five years, has made it 
“ “ . : s - 


possible to specify an efficiency of 75 per cent, even with heads as 
| : k A 


low as 10 ft. Purchasers of pumping plants in this section are no 
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longer satisfied with pumping 


outfits having efficier 
from 50 to 60 per cent 
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As examples of the results obtained with pumps of the class 
that deals with large volumes of water, the tables are quoted irom 


recent acceptance tests conducted by the writer, of pumping plants 








used for rice irrigation. 
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CHARLES B. REARICK 


Klectrically driven fire pumping-stations 
for large cities are dependent upon current from an outside soure« 
usually a large central power plant. It would seem quit 


in many cases to locate new fire pumping stations adjacent to some 
large power plant having 


considerable boiler capacity In such 
cases 1t would be possible to drive the centrifugal or turbine pumps 


with steam turbines, and thus eliminate the necessity of large over- 


e practicable 
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load capacity in electric generating units for the central station, and 
also the liability of derangement of the lines between the power 
stations and the pumping stations. The charge for standby servic 
per annum should be less than for similar electric service. 

2 The steam turbines have the advantage of being operative at 
any speed, and in this manner will maintain in the discharge mains 
any pressure desired. Furthermore, automatic regulating valves can 
be used in connection with the turbine to maintain constant pressure 
irrespective of demand or flow. 

3 It is probable that the cost of instailation would be less than 
for electric-driven units. The turbine could run non-condensing, as 


the question of steam consumption is of small moment for fire service 


Henry Ek. LoNGWELL. The last paragraph of the paper furnishes 
a striking illustration of how purely academic is the ordinary official 
efficiency test, and how valueless it is as a basis on which to predicate 
the results that may be expected when the plant Is operated under 
normal service conditions. 

2 The average net pressure against which the 14,095,000 gal. 
Was pumped with a current consumption of 81,450 kw-hr. is not 
stated. Assuming that it was 300 lb. net per sq. in., the pump effi- 
ciency, after allowing for the losses in the motor, would be only 
10 per cent. However we know that for part of the time the pressure 
did not exceed 225 |b., or, considering the pressure in the suction 
mains, about 200 lb. net. If the entire quantity of water had been 
pumped against this lower pressure, the efficiency would be well 
under 30 per cent. It is therefore perhaps fair to assume that the 
actual average efhiciency was not far from 35 or 36 per cent, or say, 
in round numbers, only one-half that reported as shown on the official 
test 


W. M. FLEMING. With the rapidly increasing size and height of 
office buildings, the annual fire loss in the business districts of the 
cities of the United States is increasing to an alarming extent. The 
installation of these tremendously effective fire-fighting systems has 
already proved of definite value in the reduction of city fire losses, 
and consequently of insurance costs. 

2 What was probably the pioneer large and independent so- 
called high-pressure fire system in this country was installed at 
Philadelphia in 1903-1904. This plant differs in almost every 
important detail from the New York system more recently installed; 
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yet the general results in both cases have been excellent. In Phila- 
delphia the plant has so many times proved of great value in actual 
service that a much larger fire-fighting system, consisting of pump- 
ing units identical with those originally selected, is now being installed 
to protect what is known as the Kensington mill district. 


" 


3 From the original Philadelphia station at Delaware Ave. 


and Race St., a location unlikely to be seriously injured by con- 
flagration, Delaware River water is supplied to independent high- 
pressure fire-service mains which effectually cover more than 425 
icres at the center of the business district. The pumping units 
consist of vertical double-acting triplex power pumps built by the 
team Pump Company, direct-connected to Westinghouse 


Hict-Pressuri E-PUMPING S11 


vertical 3-cylinder 4-cycle gas engines each of 280 h.p. The seven 
large pumping units have each a nominal capacity of 1200 U. S. 
gal. per min., at 300 lb. pressure, and two small units have a capacity 


of 350 U.S oa at the same pressure 


1 The general arrangement of the Philadelphia pumping station 


1< 


similar to that of the large New York installations See Fig 

| Two rows of pumping units occupy the main floor of the station. 
| | 

[he pumps are nearest the center, and the gas engines are located 


in the same relative positions thereto as the motors in the New York 











RQ) DISCUSSION 


pump houses. A platform extending along the sides of the building 


1] 
Li¢ 


about ten feet above the floor, serves as a working gallery for th 


operation of the engine throttles. Space is provided for the installa- 
tion of three additional pumping units, and all mains are propor 
tioned with the ultimate probable capacity of the plant in view 
Suitable connections are provid d to the mains so that the capacity 
of the pumping station may be supplemented by the use of the 
city’s powerful fire boats, should occasion require. 

5 The internal combustion engines are of the well known standar 
Westinghouse type and require little explanation. Speed regulation 
with varying loads is accomplished by the action of a centrif 
governor controlling the quantity of combustible admitted to the 


cylinders. Ignition is by avery neat type ol make and break mee 
nism contained in a cylindrical plug. Two independent igniters ar 
provided in each cylinder, and three independent sources of ignitio 
current are available at all times The engines are started by thi 
use of compressed alr, which is admitted to one of the ey inde) 
the proper time to secure rotation in the direction required uw 
regular cycle of operation is established. The pumps ar 
under no-load. 

6 The pumps are of the vertical, double-acting pistor 
power type, requiring comparatively small floor space and giving a 
rate of discharge so smooth and uniform as to make impe reeptible a 
the hose nozzles any pulsation in pressurs 

7 Fig. 2 is a sectional view of one of the pumps, indicating quite 


clearly the extreme simplicity and accessibility of the machine, 


and its general construction All valves are of the poppet typ 
readily accessible through handhole openings Valve ireas tna 
waterways naturally are comparatively large, so that ft : 

are reduced to a minimum The water ends are thoroughly brass 


fitted in order that the pumps may hye readily started after a lor g 
period of disuse. 

8 There is a connection through a 12-in. check valve. from thi 
city mains to the high-pressure system, so that the mains and pumps 
are constantly primed with a pressure of 60 lb. and are ready for 
service at all times \ complete system of fire-alarm boxes and tele- 


phones, with underground wires, permits direct communication 


between the vicinity of any fire and the pumping station. On the 
sounding ol the alarm, the station toree, CONSISTING of in enginee! 
and his assistant, can bring the total plant of seven ire’ { 


into service in seven minutes, and have repeatedly don Wor 
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ing pressure is invariably available at the hydrants one minut: 
from the time of the alarm. Such a result would be ossible 
with ordinary movable apparatus. 

9 The pumping units are started up under no-load, by the 
use of a motor-driven by-pass valve, through which the pump dis- 


erations has been 


charges into an overflow, until the normal cycle of o] 
set up in the gas engine, when the switch is closed, causing the by- 
pass valve to close and the discharge to be directed into the firé 
mains 


10 Experience has indicated that the maximum pressure of 300 


ly 1S required only for the most exte nsive hires, an | tor fires in the 


higher parts of tall buildings. The pressure record how that 
; 

probably 75 per cent of the water pumped equired not mor 
than 150 |b. to 175 lb. pressure The pressure desired in each case 
is dictated over the telephone by the fire chief, the required pressure 
regulation being obtained by proportioning the number of units i 
operation to the requirement 

11 The practical results of the use of the PI lelphia fire syste 
have been: material reduction in fire losses the protected district 
irge decrease in fire insurance rates, and vreater willingnes 
the part ol property owners ! Lhe protected CTO! to erect pre 
tentious office buildings 

12 Though the writer is wm e to present a statement as to 
rie nnuUuA } ng to prone ‘ et i 
view Ot the mw operat ) ( rif 1) ! yli¢ 
but that it presents a consideral eal ne Du 
the year 1907, which is perhaps typica vater wa lelivered to 16 
fires, the longest one lasting 44hr. The plant responded to 116 alarn 


at which no service was required The operating expenses for the 


year were as follows 
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13. No mechanical defects have yet developed in either engines 


i 


or pumps, and practically the only replacements have been a few 


rubber valves for the pumps and ignition details for the engines 

14 While no definite comparison can be made between the small 
plant in Philadelphia and the comparatively large plants in New 
York, which have not yet been in operation for an appreciable length 


of time, the operating expenses of the Philadelphia plant see 


likely to prove much less for a given quantity of service. Tl 
largely due to the s -called ‘‘readiness-to-serve ” charge mad DV the 
company furnishing power to the New York plants To this cl irae 
must, of course, be added the actual cost of the current consums 

15 Unfortunately no mechanical efficiency test has ever bee 
made on any of the Philadelphia pumping units. Judging fron 


tests of similar machinery, an efficiency of 80 to 85 per cent is to be 
expected from pumps of this character operating against 150 to 200 
lb. pressure. If this is the ease, knowing that 75 to SO per cent 
water to be used will be required at pressures not to exceed 175 Il 

it would seem that the plant efficiency in Philadelphia would prove 
creater than in New York, where we understand that the wat 


be delivered through reducing valves from 300 lb. to al 


pressure required. 


Note Lhe ( ‘ | 
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here are, however, quite Important reasons, as will be shown in su 
ceeding paragraphs, why theory A is preferable. 

f Reinforced concrete is uu complex material, which il properly 
ised gives very safe and satisfactory structures. It is not, however 
fa kind to which hair splitting accuracy may be applied. In select 
Ing a formula to use, the alm should be to choose one whit h will V1VC 
results always on the safe side and at the same time not ve ry wi 
f the mark. teferring to the paper, formula A gives results o1 
the sate side, while C errs nearly as often on one side as on the oUune! 
» The behavior of a reinforeed-concrete beam under load may be 
divided into two stages, the earlier stage where the concrete unde! 
the neutral axis bears tension, which gradually merges into the later 


stage, when the tensile streneth of concrete is overcome and all the 


tensile stress is taker up by the steel In the earlier stage the stress 
n steel increases proportionally to the moment, while in the later 


increase in stress in steel is composed not only of the increas 
proportional to the moment. but also of the stress whi h in the previous 
tage was carried by the conerete and after its cracking transferred 
to the steel. Thus, for example, if a certain load W stresses the steel 


} 


ip to, say 16,000 |b per sq. 1n.. an addition to the load of less that 


] 1 ’ 1 ] . } ] 
i} V1 double the stress Cherefore, a beam designed for a load which 
; ; ; ‘ , 
WOULG proa we an act ial stress in steel of 16.000 lb per sq. mM Would 
ive tL factor of satety smallet than the ratio of that stress to th 
elastic limit of the steel. It is safer, then, to base the design on the 
results “al the Dreaking hoa rathe than Ol at C'S its I ( it 
stages I une nd to use theory A. which at the breaking load 
+ } + | 7 + ; + 
orresponds closely to the tests, and so be sure of the required fa 
of safety [n designing, working stresses and working mome1 


should be used in the formulae. 

6 rhe strongest argument against computing the conerete to beat 
ension, in practical design, is the fact that reinforced-concrete floors 
ind other structures usually have to be built with joints between two 


} 
j 


days’ work The bond of the conerete on the joints is imperfect, and 


consequently the tensile strength of concrete at that point is small 
and cannot safely be counted upon in desien. 

7 Theory A is very simple and clear. It has been adopted quite 
generally in Germany and england, and | believe also in France, 
although that is the home of Considére, while the Joint Committee 
in this country has recently adopted it 

S Theory A when used in figuring deflection does not give vei 


satisfactory results, but this is not an important factor in reinforced 








SO DISCUSSION 


concrete design. When necessary to compute deflection, a more com 


‘considers the tensile strength ot 


plicated formula may be used which 
concrete. The best of such formule known to the writer are thos 
derived by Professor Thullie of Austria, which are based on mor 
logical assumptions than are the formulz of Considére. 

9 It must not be forgotten that the computation ol the stress 


the middle of a supported beam is only one part of the theory of rei 
forced-concrete design. Just as Important as the design of the bea 
in the center, since reinforced concrete Is usually built continuous « 
several Supports, 1s the design of the ends of the beam, 
less importance is the part of the design to resist the tenden 
the diagonal tension to proauce diagonal cracks. 

LO It may be said then in conclusion, that although not corres 
ing strictly with tests, the ordinary straight-line theory is 
which will probably be used for some time to come beca 
simplicity, and because reinforced-concrete beams, designed 
ing to this theory, with due regard to other details, will pi 
vood workmanship, structures which are unquestionably fe 


conservative. 


Ingalls building in Cineinnati was built in 1903, and still stands 
; + ] ] 7 rt {7 ~~ 1; 
most notable example Of a coucrete office building (And 


been stated by Professor Burr, we already know more abi 


il 


' , ’ ' 

columns than about steel columns; the tests have been n e { 
and more nearly contorm to practical conditions, The bea 

, ti]] , t} { ] ] . ; na ¢ ; a7 ry } 

IS Stll In Une s e@ OF aeve opment ind ests ana |! i 
demonstration which tend toward more economical and ra 
detailing are welcome. Nevertheless, we mey say with surety tl 


buildings all over the country which are being designed by the 
I 


common formulae with conservative stresses, and erected with proper 


care, are sale and conservativs 


I. S. Hinps. I have had a very profitable experience in the 
last two or three years in the construction of a large office building 
built entirely of reinforced concrete, erected for the Phelps Publishing 
Company at Springfield, Mass. The building covers an area of 
30,000 sq. ft. and is eight stories above the sidewalk. In the con- 
struction of the building it was demonstrated that good work can 


'F, Sumner Hinds, Boston, Mass 
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be done with reinforced concrete, and that there was no mistake 
in selecting concrete for both the interior and the exterior of the 
building. 

2 My observations have led me to believe that we will see this 
construction in buildings even higher than eight stories. In fact, 
there is such an office building in Cincinnati, 16 stories above the 
sidewalk, showing that reinforced concrete can be used in competi- 
tion with the steel frame. 

3 Answering a number of questions by Desmond FitzGerald, 
Mr. Hinds said that the concrete for the building was mixed by 
machine, crushed stone of “pea” size being used. The proportions 
of the mixture were 1-2-4, just enough water being added to make th« 
mixture solid and yet make it flow easily. The ramming of columns 
was not done in the usual way, but the concrete was settled by means 
of four or five poles. Both round and twisted rods were used, held 
in place by small wood blocks which were withdrawn as the mixture 
was poured into the form. 

t Continuing, Mr. Hinds said that the great secret in concret: 
work is in getting the rods in the proper places. Supervision and 
careful preparation of the mixture and handling of materials will 
bring the best results. An oil paint and cold water paint without 
plastering have been used on the inside of the building, showing how 
smooth the surface was finished. 

5 In answer to a question Mr. Hinds said that moisture was 
prevented from going through the walls by their thickness—-none 
being less than 8 in. thick—and by the density of the concrete 
He had seen no cracks whatever in the reinforced concrete proper, 
the only crack in the building being one near the top of the elevator 
well partition, caused by expansion and contraction. Here and 
there a small crack appeared in the granolithic floor. 


Pror. C. M. Sporrorp.: I presume we all agree with the previous 
speakers that concrete should be handled carefully, as it is subject to 
creat variations. I feel, however, that merely to be careful is not 
enough; we should determine the theories as correctly as possible, 
and use them to eliminate so far as possible such uncertainties as now 
exist. 

2 I am surprised that the C formula, as Professor Lanza has 


called it. gives results closer to the results of actual experiments that 


! Massachusetts Institute of Technology. 
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] 


the other formulz, and hope that the present data may be extended 


by further tests and computations \s far as actual use in design 
} 4 41 ad 1 ] ] 

concerned, any one of these theories may be safely used. provided 

] © } | , ’ 

liberal factor of safety is emploved, but further studv and st 

tion along the lines indicated may enable us to determine more p! 

isely what the factor of safety should be 
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them are given in the bulletins the University of LIlinoi ale 
ve have not at hand the details of the tests at the Massacl ett 
Institute of Technology 
10 The diagrams of these beams indicate under the ( 


the stresses in the steel indicated herewith, using the 


STEEL STRESS UNDER HEAVIER LOADING 


— 
Bream N¢ LOA Ust 
4 ‘ \ ( \ 
000 l ) 600 
1? 000 7 Te) ”) f 
4 10.006 14 OO 6 600 15.000 
OOO ] 600 w) 12.900 
> & OOO l SOU , OOO { 
4 §& OOD l OOO l YOU ) 
\ er ] 
xlulus elastic! 30.000. .000 In the same 
ne stresses mn Tie steel] is ¢ l¢ ] Pr me Q | ’ ( 
a) cent re Ol ¢ Or | f Cl Ine ) 
° 
ll Comparing these re¢ its thos 
own in Table 5, we find t e common me 
110n | P1lves COnSICderahy CLOS ( 1its 8) ! Se ( ( ( ? ( 
] ] ’ = 
ne lo ( Lom ne The r l eS 7 l ) 20.6 ( 
' 
iverage oO] 124 per cent S the sate sic U 
ne Considers meth ( es [rol 2 } 1 mt 
per cent Ith T Ve! re 5.0 ( Cel I Tie ? r | 
would indicate that there is 1 ntage 
4 1 
vHOoOrloOuUs Mevcne nh iving 11101 l neq { 
( e€ it if S SO 18 Ss] Ol ing e ST pe S ¢ nee 
; ce 
2 The chief difference between the two met : 
n f 1 IS in the assum} nin the Considere met! Ce ! 
Value for tension in the concrete below the neutral axis. ( 
regard Of this in method A There is no q 1lestion that un I 
conditions the concrete has a small amount of tensile strengt} 
thea ] | , mall. but t] 1 ‘QU | 1} + } 
e loads are small, but there 1s grave doubt as to the sate ( 
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There may he set-joints near the center of the beam; there may be 
voids near the bottom where the mortar has leaked out; there may be 
incipient invisible cracks extending to an unknown distance. It is 
fortunate circumstance that ease of calculation is on the side of the 
safer method, for this is a powerful incentive to its adoption. 

13 The statement at the opening and close of the paper that ‘‘the 
observations made thus far are not sufficient to furnish means fo1 
letermining the actual distribution of the stresses,”’ etc., is undou 


edly true, speaking literally and with scientific accuracy At th 


same time it should be borne in mind that we are dealing with a cruce 
product which cannot in practice be made with scientifie accurac 
It is doubtful whether absolute knowledge of the laws of distributio1 


stress in a theoretically perfect material would be of any great 
ivantage in (ie signing structures of eve ry-aday m terial The impo 


+ 


nt question is whether we know enough to design our beams wi 


entire safety and reasonable economy. To this quel the writ 

vould unhesitatingly give an affirmative answer. The investigation 
I these be ims tends to confirm this opinion, whic! Is also supporte 

v the constantly accumulating experience with actual construction. 
We would therefore venture to add two other conclusions to those 


need by the author, namely: 


| xperiments indjcute that, though precise determinatiol 
e laws of stress distribution may be impossible in the 


present state of our knowledge, sufficiently cl ipproxl 
' 


itions may be made for all practical purpos 


‘he simple method of calculation, by negle« tension 
n the conerete and assuming a straight-line distributi 
he compressive stress, is the easies O appl na Zive 
> sractory results 1¢ hie etermil! n of ( ( 
| —— 


Pror. Geo. F. Swain. I notice that Professor Lanza has used a 
value of HE = 2,335,000 for the beams tested at the Massachusetts 
Institute of Technology, while for the beams tested at the University 
‘f Illinois he has used a value for EF of 2,000,000. The beams tested 
it the Massachusetts Institute of Technology were from 35 to 54 


days old, while the beams tested at the University of Illinois wer 


from 60 to 65 days old. The modulus of elasticity ought to increas 


with age, other things being equal, yet in these tables the revers« 


is assumed. ‘This fact might account for some of the peculiariti 
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and the results. Professor Lanza does not state whether he measured 
the modulus of elasticity. 

2 In Table 2, I think the heading of the column “ Nearest one 
third Load,” is a little confusing. Those figures are not very close 
to one-third the load, and beam C-5, which has a larger load than the 
first three beams, has a smaller value in the third column. I suppose 
the third column simply means the loads for which computations 
were made, and that the loads were applied in such increments that 
the figures given represent the nearest third of the load for whic! 
computations were made. Yet it seems rather confusing that for 
a load of 16,240 lb., the nearest one-third should be given as 4600 lb. 
5) With reference to the three theories, I have never believed in 
Considére’s main contention, namely, that by reinforcing concret« 
such great strains could be produced without fracture; though his 
explanation 1S in a certain de gree plausible. If a body is stretched 
so that the molecules are a certain distance apart, nothing can pr 
vent fracture. Ductile material like steel draws down at the point 
of fracture and is stretched much more there than on the average 
through the length of the piece. If concrete were a ductile materia 
its adhesion to the steel bars might prevent any such phenome na 
drawing down and thus distribute the strain; but concrete is not 
ductile material, and there seems to my mind to be no possibility 
of the great stretch without fracture which Considére claims 

tf As to the results obtained by the three formulae, I think thos« 
given in the tables were precisely what might be expected, becauss 
these loads were only large enough to be called working loads; that 
is, they were nothing like the ultimate load. As a matter of fact ther 
was tension in the concrete, under which condition the steel would b« 
relieved; we would therefore expect that in case C the stress in the 


steel would be very much le Ss than in the other LWO cases In practice 


also, there is undoubtedly tension in the concrete unless crack: 
occul The results of tests made by the Boston Transit Commis 
sion show large tensile stresses in concrete beams without reinforce 
ment. 


5 However, the question is, what to do in designing. In practic 
there may be cracks in the concrete, not due to stress, but to th 
moving of blocks on which the rods are set, making the cement run 
out, or due to shrinkage or joints or other causes; for which reason it 
seems to me that in practical designing, engineers are not justified 


in assuming any tension in the concrete. 


6 If Professor Lanza tested the modulus of elasticity of his beam 
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As concrete construction is for the most part monolithic, ane 
very few beams of the particular kind tested are used, | believe it 
of much broader interest to investigate methods of measuring strain 


ind computing stress than formule for simple beams. It is a fact 


| believe, that all the data reported in this paper as actual stresses 11 
‘oncret« actual stresses in steel were obtained, not actually, ‘ron 


direct observations, but rather from relations between stress and 
strain assumed to exist in the concrete or steel. The same I believ: 
s true In regard to the determination of the neutral axis If Pro 
yr Lanza will tell us what assumptions he made in determininy 
hese values we will be in a better position to judg their worth 

t I need hardly call attention to the fact that the modulus of elas 
ticity for conerete in tension and compre ssion is quite variabk li 
seems to di pe nd upon the age of the concrete and the intensity of the 


take a slice fron 


stress | believe it would have be n of Some valuc i 


the end of these beams and obtain a stress-strain diag 


Luh 


ram, nm oraer to 


ompute the several values of and the limits of stress for which eacl 
eof Fis constant. Otherwise the actual values of the stress a 


} 


uch more reliable than the values as comput d by the formula 


tL mu 
e both are computed from assumed relations. 
) It is interesting to note that Formula 23 is based 
imption concerning the variations in compressive stresses al 
the neutral axis The fact has been well established that the sti 
Cs as Lhe ordinates of a parabola, and not ra Pe t] lI i ‘ 
rh ine (On the other hand, I am inclined to doubt the s ‘ 
ent of Considére that the conerete on the tension side can under 
n extension much greater than 0.02 per cent without cracking, whet 


the beam is reinforced, whereas when not reinforced the concrete 
s when the extension is from 0.01 to 0.02 per cent The mer 
fact thata reinforcing rod is pre sent does not seem sufficient to change 
‘ the physical properties of the concrete 
() | believe Professor Turneaure has shown Considére to hav 
been wrong in this assumption It is not at all unlikely that Con 


) a piece of conert te in which no cracks had cle ve lop a 


~ sidére removed |; 


l'urthermore, if cracks are allowed to de veloy on the tension sid 
ind this has frequently been observed in beams under working load 
ight not this crack gradually extend under r peated loading and 


seriously impair the safety f the structure 


B. H. Daves.! Certain practical considerations 1 by ted to 
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illustrate the difficulties confronting the experimenter seeking 
rational solution of the deflection problem Shrinkage is the worst 


O! perhaps the most indeterminate factor to be eliminated sine 11 


spoils so many carefully performed experiments, being a large caus 


of the lack of uniformity so generally noted in experimental data 


2 The shrinkage of a concrete block Sin. sa. by 2 ft. long has bee 


shown to shorten appreciably a bar b-in. square en bedded n Lana 


I 


accurately measured before and after the setting of the nceret¢ 
around it. This produces an initial tension in the concrete 

initial compre ssion In the steel. In the case of a beam reinfore 
only one plan , as perhaps some of the beams tested may hav Ce] 


these initial strains mav largely account for the lack of uniform 
the results obtained. 


2 J 


o The shrinkage of concrete in sé ttine, nearly alway) I rie 


factor, has almost completely upset the theory of arch-rins 
when the arch e ntering is struck Some settle very conside) 
upon striking.the centering, especially when the arch ring 


lith from skewbaeck to skewback, while others settle hard 


when alternate voussiors are made and allowed to set nda si 
before the ring is keved. Shrinkage, it has beer proved, all 
entirely causes this lack of agreement between the theoret 

the actual deflections when arch centers are struck It would ther 
fore seem logical to assume that the same cause figures prominent 


in the deflection phenome na of beams. 

| The shrinkage of a beam of large cross s¢ etion, acting in o} 
sition to that of a smaller beam, has been known to crack the we ( 
member from top to bottom, breaking up any dependence that n 
otherwise have been placed upon the conerete in tensio1 . before t] 
beam had been ealled upon even to support its own dead load 

) In di signing fora elve n load by the commonly accepted stl 
line formule for obtaining stresses in steel and concrete, and us 
the pre scribed unit stresses of the building code, a certain f 
safety results. In other words, an overload of two or three times th 
load assumed in the design, may be applied, and when removed, thi 
structure should be just as capable of supporting the work 
for which it was designed as before the overload was applied 

6 Now, granting the conclusion of the author, in Par. 27, tl 
tension In the conerete materially affects the deflection and stre) 
of beams (between certain limits of load : would it not still seer 


unwise to take advantage of this tension factor in any design whe 


the assumed lond limits might he ove rstepped at some tiny ( 
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the beam to serve the remainder of its period of usefulness without 
the tension factor counted upon in its design? 

7 Almost every design is over-stressed sooner or later, occasiol 
ally by test load, but more often perhay s, because of the enthusiasn 
of some shop foreman in showing what his building will stand in the 
wav of abuse kor example , loaded cars of gravel and broken stone, 
and later a 600-class standard-gage locomotive were Tun across 
machine and erecting shop floor that was designed for a uniformlh 
distributed load of considerably less than one-ha 
noving loads appli ad, this without any apparent gamut 0 the floo 

S Settlement, which very often upsets carefully made calculations 


auuses even mort indeterminate stresses In reinforced concrete that 


in other types Ol construction, this be Ing clue to the contin Lit ana 
the monolithic character of the mate rial This fact further empha 
es the necessity for conservatism in working forn 
4 Construction joints, put in as they usually are, at points of 
Inuximum moment, make any reliance upon the concrete in tensio1 
entirely out of the question where such joints ocew It is not 
eenerally coneeded that construction joints so located do mate riall 
ken a beam ¢ xcept in shear 
10 \ beam aceicd ntally cracked entire ly through near its midadl 
while being place din a testing machine, tested higher thar the ave) 
ve of several other beams of the same size and re inforeement, show 
that a plane of fracture approximately normal to the center lin 
beam had not, in this particular case, unfavorably affected thi 
timate stre ngth of a beam equally loaded at its third points 
1 | Until more is definitely known concerning the shrin or 
nerete and the many other stresses in reinforced-concrete beams at 
present indeterminate as a matter of conservatism It would seem | 


ter to disregard tension in concrete as a moment-resisting factor 


Cuas. B. Grapy.' Professor Lanza and Mr. Smith have clearly 
brought out the fact that three of the formulae used for the design 
of reinforeced-concrete beams are approximate with a load of one- 
third the breaking load. The writer will say a few words in refer- 
ence to the use of these formulae in the design of beams. 

2 Formulae A and B, which are used by a large number of 
engineers, do not allow anything for the tension in the concrete and 


therefore must give for rectangular beams results which are mere 


Asst. Mechanical Engineer, New York Edison Co 
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approximations up to a point at which the concrete fails to act i 
tension, but the writer believes that if a comparison had been mac 
at say double the load used, Formulae A and B would have given 
better results, and possibly nearer those found by actual test, than 
Formula C, especially for the value of o, (stress in steel per squar 
inch 

3 In tests of similar beams made at Cornell University by Messrs. 
Paulus, ‘J ripp and Davis, the average variation in the values of stress 
in steel per square inch) deduced by formula A from those found 
by experiment was 34 per cent with a load of 4000 Ib., and less than on 
per cent with a load of 8000 lb. The above figures are for five beam- 
having an average breaking strength of 13,200 lb. 

4 The errors in values deduced by Formulae A and B are more 
liable to be on the side of safety than the errors in values deduced 
by Formula C, and while there is no doubt that Formula C wi 
give more accurate results when the stress in the steel is compat 
tively small, it is the opinion of the speaker that Formula C, and 
other formulae making allowance for the tension in concrete, should 
be used with caution. 

5 It is the practice of many engineers to design reiniorced 
concrete beams in accordance with certain working stresses and t 
endeavor so to proportion the beam that it will fail by tensior 
that is, by either breaking or stressing the steel to a point considel 
ably past its elastic limit, thus making the factor of safety a function 
of the stress in the steel. In such cases, no matter how much the 
concrete has helped out the steel under working conditions, when the 
beam is overloaded the steel must take care of practic: lly the eatiré 
tension; and therefore the writer believes that it is wiser not to 
introduce a value for the tension in the concrete into the formula 
used in the design of reinforced-concrete beams. 

6 The speaker believes that the formulae for deflection deduced 
by Professor Lanza and Mr. Smith will be of great value to engineers 
and that any one of the three formulae will give results accurat: 
enough for practical purposes in figuring the deflections of T-beams, 


more of which are used in buildings than rectangular beams 


FRANK B. GILBRETH. ‘The most important subject related to reir 
forced conerete, from the standpoint OL thie mechanical engines 
is the design of forms, for it is the forms that atiord the greatest 
ypportunity for the saving of money, and the conse quent reduc tio} 


1 price per cubie foot of new hulldings 
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than a circular curve or some other 


The majority of tests show 


; 


line much more nearly straight than parabolic within the limits 


stress found in ordinary concrete be; Is. 


it possesses any, but [ think the re are few engineers who have used 


much plain or reinforced concrete, who would 
tensile part of the beam to carry load, and tf 
the working formula. 

6 The result of the slight contraction of 
within the first two months, perhaps not wit! 
life, is to create fine hair cracks We do n 
enter the mass; they may be only skin-deep, 
are much deeper. Hence if the beam should 


crete structure on the tension side for the first two or th 


it does not follow that it is going to remain so 


such a possibility, and it seems to me we wi 


neglecting it, the only sate procedure is that usually 


neglecting tension In concrete. That does n 
may not sometimes have considerable tensile 
means that such resistance cannot safely be 
concrete work. 

7 These cracks may be very much reduce 
of concrete after it has been put in place. That 
the conerete work may be improved. We do 
nearly enough after the forms are taken away 
concrete should be kept thoroughly wet fro 


alter being put in place. This is not practical 
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are taken away, the concrete sho ild be kept sonked with 


as long as possible. The contraction will be 
fewer hair cracks, but it will be impossible to ¢ 

a) We should be sensible. as engineers, In 
foreed-conerete work, precist lv as we are or ou 
else, and use the simplest possible formula, 
formula, and not strain after some ultra-refine 
come to examine it, has little or no solid basis 


proper theories and select a simple working hy 


the test beams to determine such empirical coefficients o1 quantities 


as will make the resulting formule represent 
as possible 
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Pror. J. C. Ostrup.t Withina short time, from fifteen to twenty 
years, at most, reinforced concrete has gained an enviable position 
in the construction world, and unquestionably, in spite of man 
inherent shortcomings, will better its reputation in the future among 
both engineers and laymen. It is, therefore, to be regretted that 
the trend of the authors’ paper is toward a negative rather that 
positive support. 


2 It isa well-known fact that the creater number of the deductions 


nd working formule obtained from the science of applied mechanics 


re based upon certain assumptions which to a greater or less, usu 

less,extent circumscribe the use of such formula Phe errors resulting 
from these fundamental assumptions varv considerably with the 
lifferent engineering materials with vhich we deal the oiten 


considerably even with the same material, changing some 
1 the extreme fibre stress, the manner of application of the lo 
et rhe assumptions made in regard to the behavior of structut 
teel are probably nearer the absolute truth than for any other eng 
hee ring materials, so near, in fact. that Many eneimer rs Wave e 
egard the theory of steel design as following ! Inussallabte 
nechanical law Nevertheless this is not so 
3 On the other hand, the theory of reinforced concrete is bas 


ipon Many assumptions, some of which can be better defended that 


thers, and some of which have undergone, and will continue 

indergo, modifications from time to time It is Iso Hasead upol 
iny W idely varving experiments which the experimenters the! 

selves have been struggling to reconcile. Some of the most impo 
nt of these assumptions, together with a brief account of the 


a That the applied rorces in bending are perpenaicular to 


the ne itral axis 
f This is incorrect, of course, inasmucl Ss the neutral axis uncade 
leflection follows a curve resembling a parabola Che resulting erro 
Ss, however, extre mely small 
b That sectional plane, true before bending, also remains 


true altel 
c That each fibre acts independently of adjacent fibres 


o The last of these assumptions is particularly faulty, inasmucl 
as the ordinary reinforced beam usually has its reinforcement var 


! Professor Structural engines ring, Stevens Institute of Techno wry. 
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ing in amount, | tt horizontal] ind vertically, throughout it le} 
In other words inlike a rolled steel beam whose moment of resist 
is uniform from end to end, the reinforced beam is not Iniorn 
strength, the stronger parts tending to assist or restrain the weake 


rhe error from this assumption cannot be evaluated 


d That the concrete and the reinforcement vill strete 
compress together without breaking the contact 
etween tiie 

6 This condition, when complied with, as it infallibl sat the 
all cases, inquestionably sets up secondary local stres S ! 
tude of which cannot be even guessed 

i Pha here e no lnitl stresses 

f I} i the Stress-Stl Wm ¢u ( ror compre S107 

7 The fulfillment, or the non-fulfillment, of the last 
tions is probably What enuses thi createst divergence het wee , 
and tests, A concrete beam Is a ¢ isting, in A sense If the 
were pertectly uniform th oughout, there would most Ike 
any Initial stresses due to the chemieal aetion Ot sett 
evidently not possible ; hence throughout the beam there undoubt: 
exist initial stresses of uncertain magnitude This fact, im it 


would surely affect the stress-strain curve, but in additio 
consider the variable modulus of elasticity for the concrete 


varies not only in the same beam, iccording tO unlt stress nh tiie 


extreme fibres, but also in beams of the same identical com L1O} 
according to its depth, 1 ( to the relation between the extreme fibre 
stress ana the average hbre Stress 

8 In addition to these mechanical considerations, we ve 
physical considerations governing the strength oF concret 
forced-concrete beams. Such physical conditions must large epend 
ipon the personal equatio! he engineer in charegs ( 
be guarded against, and their effect minimized 


eradicated When present, their influence can Only be surm 


9 To make this a little cleare) let us assume a Cast nere a nub 
De] of beams were to be prepared. tf a testing machine al ere 
great uniformity naturally would be sought; to insure which, o1 
one grade of cement, one of sand and one of broken stoi ( 


employed Next let us look int: me of the more importint ° 
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of steel] is practically a constant tern but that for conerete 
through a wide range of values depending to a certain extent on t} 
proportions of cement, sand and broken stone used in the concrets 
4 With the lare« possibl tio? ot this tio in} al [ Ou 
seem reasonabl tO Suppo that the probabl error, elthe ! Ssul 
ing a straight-line law for the variation of the compressive stress 1 
the conerete _ Ol in thie nevlect of its tensile resistances ill | ( Chat 
that duc to the choie Ot the va I this ratio What is ne¢ : 
value for this ratio, determin bv applying the fon CLeTIV' 
from the straight-line no-tension the to the results of a great 2 ! 


tests on specially prepared ean 
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u Eisen, Heft 1-1906, but this reply contains no new evidence 
| en seems to be expressed by some that pointing out the ver 
considerable discrepancies between the results of computation mac 
by theory A, and the results obtained by experiment, IS equivale 1 
to a condemnation of all structures where theory A 


computations. 


authors They believe, 


In any ca 


neers, 


far I regard Kleinlogel’s tests 


mation of Considére’s theory 


se, the better prepared are we t 
Ink designing ann) 
5 Most OT the 


DISCUSSION 


a beautiful though unwilling conf 


To this Kleinlogel replies in Bet 
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however, that the | 
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y construe 


, 
arguments ad 
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' The calculations can be more easily mac 
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results in safety, though practically all adh 
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on a elven flool extends ove! 1 od rreate ! 
aa 
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that until we have arr lat Some Means OF MAKING ¢ ale l 
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10 Other considerations which it would seem worth while to dis 
cuss are the following 
«a The presence of initial stresses due to shrinkage 
b The variation in the value of the compressive modulus ot 
elasticity ot concrete. 
c The recommendation made by some that the formulz to 


be used be based upon loads larger than one-third the 


r breaking load, and by Some upon the breaking load 
d The question of so proportioning the reinforcement that the 
breaking shall be due to the tension in the steel exe eeding 
the elastic limit. 
1] Discussing these im order we have 
a The presence of initial stress is of course a great source of 
uncertainty in reinforced concrete, as well as In cast iro) 
and hence we should expect irregularities due to th 
cause, the amounts ot which are very difficult to estimate 
Whether their influence is still large or not at one-third 
the breaking load, is a debatable question, though it must 
he comparatively less at one third than al smaller louds 
Qn the othe hand, with loads creater than one-third the 
iltimate, the ratio of stress to strain becomes quite 
able. and any rational formula becomes Inaccurate 
In the light of the experiments made by different men and 
1th different places, it would seem to the authors that the 
variations of the modulus of elasticity fo COMPressl Vi 
stresses In the concrete, not more than one-third the 
ultimate, would not be very excessive 
« In the ease of steel or other beams it is well known that the 
ordinary formulz do not apply when the stresses in an 
of the fibres have passed the elastic limit: hence the 
difference between modulus of rupture and outside fibre 
stress at breaking 
d Regarding the question whether theory A will agree bette! 
with experiment when the percentage Ol reinforcement Is 
kept so low that the elastic limit in the steel will be exceeded 
before any fibre of the concrete has to bear a stress equal 
. ; : - 
, to itsscrushing strength, the only evidence in the paper 


‘ 


is the, following In one case the percentage of reinforce 
ment,was as low as 0.99 per cent, and in three others, 
LZ per cent, and in these three cases the discrepancies 


of theory A are large. 
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lI2 «In general, it seems to that thus far not 
work has been done by way of ¢ perimenting and 
that we ivy have more accurate knowlede: 
matters, amone which may be mentioned 

Che actual distrib ition Of stresses n 
Ol longitudinal reinforcement, but 
and other re Intorcements, and also li 

\ study of the diagonal ter ion, not o1 
but elsewhe I’ 

\ study Ol the CONQCITIONS necessar tha 
always be aue to the reintorecement « 
limit, and vie thei diagor al cracks OC ( 

ad A study of the effect of co struction 


Li here only remain IO! discussion a lew 


column of Mr W orcester’s table that method ¢ 
on the negative side, it must be remembered 
the value taken for ¢ the tensile stre1 oth 


table. as well as Table oO, Clearly hows th: | 


l had been used fo1 these six beams. their ( 
been a positive one, and also smaller than that 

14 Replying Lo the question of Mr. Newman 
discussion of the Bethlehem beams is suffices 
matter of this paper to be taken up her 
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ALEXANDER, Ludwell Brooke (Junior, 1905), V. P., Haggerty Contr. C 
Davidson Ave. and Fordham Rd., and for ma The Hazelhurst, 18l1st St 
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BRANDON, Geo. Russell (1897; 1901), Harvey, Ill. 

BRUSH, Frederick F. (Junior, 1900), Earlimart, Cal 
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Liberty St., New York, and for mail, 365 Sterling Pl., Brooklyn, N. Y 

CONRAD, Hugh Vincent (1887; 1891 Westinghouse Air Brake Co., Wilmerd- 

Pa 

GRIESS, Justin, Jr. (1898; Associate, 1908), Treas. and Sales Mgr., Interstate 
Engrg. C Builders Exchange, O 

HARRIS, Grenville A. (1907), Ch. Engr., Takata & Co., 50 Church St., New Yor 
N. \ nd 176 Stiles St., Elizabeth, N. J 

HARTNESS, R. B. (Associate, 1903), 515 W. 124th St., New York, N. } 

HEALD, Ge W. (Junior, 1899), 7546 Eggleston Ave., Chicago, Il 
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HUSSEY, ¢ rles W Junior, 1908), 33 St. Andrews PI., Yonkers, N. ¥ 

HYDE, Chas. I 1885), 940 Fox St., Bronx, New York, N. Y 

LAVERY, Gi I 1886), Pres., Amer. Bank Equipment Co., 1315 Old Colony 
Bldg., and 4300 Ellis Ave., Chicago, II] 

McCLATCHEY, A. F. (1889), 132 N. 4th St., Aurora, II { 

McGEORGE, John (1891), Cleveland Engrg.”Co., Cor Eners., New®England 
Bldg., Cleveland, O = 

MAHL, F. W. (Junior, 1892), Asst. to Dir. Maintenance and Operation, Union 
Pacific System and Southern Pacifie Co., 135 Adams St., Chicago, and for 

!, 1019 Michigan Ave., Evanston, III — 
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MILNE, James (1907), Cons. Engr., 304 Loo Bldg., Vancouver, B. ¢ 
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MONROE, Wm. Stanton (1896; 1901), Mech. Engr., Sargent & Lundy, 1720 Ry 
Exchange Bldg., and 1235 N. State St., Chicago, III. 

MORSE, Everett Fleet (1901), Morse Thermo Gage Co.. 208 E. St 
Eddy St., Ithaca, N. Y. 

NICKLIN, Ernest W. (1900; Associate, 1907), Mech. Engr.. Detroit Brass VW ks 
and for mail, 421 Cadillac Blvd., Detroit, Mich 

PERRY, Wm. A. (1880), 1 Nassau St., and for mail, 7 E. 56th St., New Yo 
N. Y 

ROWE, George F.. (1908). 57 Penobscot St , Bangor, Me 

ROYLE, Vernon Elmer (Junior, 1905), Mech. Engr., John Rovle & Sor nd 
for mail, 823 E. 28th St., Paterson. N. J. 

SAMPLE, Morris De F. (Junior, 1905). Secy-Treas., Fire Protection ¢ 
for mail, 2901 Washington Blvd., Indianapolis, Ir 

SLEE, Norman §. (Junior, 1909), Engr. and Draftsman. Babeox 
and for mail, 410 W. Park Ave., Barberton, O 

SMITH, Orin G. (Junior, 1899), Platt Iron Wks., 1224 Chemi 
Mo 

SMITH, Otto T. R. (1906), Asst. Engr., Engrg. Dept.. Otis Elev. ( 17 Batter 
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P}., and for mail, 880 St. Nicholas Ave., New York, N. 

SORNBERGER, Edwin ¢ 1890), Allis-Chalmers Co., Ellicott S 
208 Lancaster Ave., Buffalo, N. ¥ 

SWEET, Franklin (Junior, 1903), 285 Farwell Ave.. Milwauke: 

THOMPSON, Edward P. (1884), M. E., Registered Pat Atty 1371 Columbia 
Rd., Washington, D. C. 

WHITE, Edward F. (1891), Cons. Eng Sulphur Plants, Pres., Rutland Mfg 
Co., Rutland, Vt. 

WICK, Henry (Associate, 1903), 416 Wick Ave., Youngstown. O. 
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BARKER, Perry (Junior, 1909), Chemical Engr., A. D. Little, Inc., 93 B St., 
Boston, Mass 
BORDE, George U. (1909), Cor Engr., 914 Hibernia Bldg., New Orl La 


BOYER, Frederic Quintard (Junior, 1909), 216 Orchard St., New Haven. ( 

BROWN, Stephen P. (1909), Eng Club, 32 W. 40th St.. New } 

BULKELEY, Claude A. (1909), Ch. Enegr., Board of I] t. Lou 

CHAPMAN, Frank T. (1909), Prop., Chapman Mfg. ( Marbridge Bldg., Nev 
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DAMON, Walter Henry (1909), Supt. of Generating, United Elec. Light ¢ 
87 Greenwood St., Springfield, Mass 

DILLON, Edward L. (1909), Rep., Fairbanks, Morse Co.. and 1330: ¢ 
St. Louis, Mo. 

ERNST, Alfred F. (Junior, 1909), Brighton Mills. and for ma 134 Lafayette 
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ESSELSTYN, Horace H. (1909), Engr., Westinghouse, Church, Kerr & Co., 10 
Bridge St., New York, N. Y., and for mail, 296 Vinewood Ave., Detroit, 
Mich. 

FUCHS, Herman (1909), Mgr., Mexican Dept., Fairbanks, Morse Co., and 3910 
Cleveland Ave., St. Louis, Mo 

GILMORE, George F. (1909), Loeal Engr., Am. Thread Co., and 109 Barre St., 
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GOETZ, Fred. W. (Associate, 1909), Secy., Goetz & Flodin Mfg. Co., Clybourn 
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St., New York, N. ¥ 
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Pa 
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McMILLAN, Chas. M. (Junior, 1909), Cons. Engr., King Edward Hotel, 145 W 
17th St., New York, N. Y. 
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NEWLIN Alexander Z. (1909), Mech. Engr., Natl. Tube Co., and for mail, 600 
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NORRIS, William H., Jr., (Junior, 1909), Engr., W.R.Grace & Co., and for mail, 
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St., New York, N. Y. 
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PEDDLE, John Bailey (1909), Prof. Mech. Design, Rose Poly. Inst., and for mai 
2117 N. 10th St., Terre Haute, Ind 

RICHARDS, Willard ] 1909), Mech. Supt., Gould Coupler Co., Depew, N. ¥ 

ROELKER, Carl J 1909), Cons. Engr., Roelker & Lee, State Bank Bldg. 
Richmond, Va 

ROHLIG, Georg G. (1909), Genl. Supt., Botany Worsted Mills, and 145 Dayt 
Ave., Passaic, N. J 

SHERWOOD, Mather Wm. (1909). Gen] Inspr., Board of Aqueduct Commr 
and for mail, 1090 St. Nicholas Ave., New York, N. ¥ 

SMITH Harry J. (1909), Ch. Engr., Hill Cluteh Co., Cleveland, O 

STROTHMAN, Louis E. (1909), Asst. Mgr., Pumping Eng. and Hyd. Turl 
Dept., Allis-Chalmers Co., Milwaukee, Wis 

STROUSE, Sidney B. (Junior, 1909), Engr., Pa. Engrg. Co., and { 13 
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STURGIS, Wm. Bayard (Junior, 1909), Asst. Engr., Dover White Marble ( 
Wingdale, Duchess Co., N. ¥ 

PYDEMAN, William A. (Junior, 1909), Seey., Maean Jr. Co., and 108 §. 2d St 
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CARLSON, H. W. (Student, 1909), 2138 Walnut St., Chicago, Il. 
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PARSONS, H. N. (Student, 1909), 3334 Armour Ave., Chicago, III 

THOMAS, W. E. (Student, 1909), 6500 Ellis Ave., Chicago, Ill 

WERNICK, F. E. (Student, 1909), 3316 Dearborn St., Chicago, II! 

YOUNG, D. A Student, 1909 592 Armour Ave Chicago, Il 
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SMALL, G. S., 3d. (Student, 1909), 61 Pierrepont St., Brooklyn, N. Y 
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BATT, 1. A. (Student, 1909), 115 College Ave., Ithaca, N. Y. 


BOWER, F. A. (Student, 1909 SS Thurston Ave., Ithaea, N. Y. 
BROWN, C.S. (Student, 1909), 1 Central Ave., Ithaca, N. } 
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CANADY, M.S. (Student, 1909), 518 Stewart Ave., Ithaca, N. Y. 
COMINS, H. N. (Student, 1909), 438 Casecad Bldg., Ithaca, N. Y. 
CROSSMAN, D. M. (Student, 1909), 105 De Witt PI., Ithaca, N. Y. 
FAIRBANKS, F. L. (Student, 1909), 422 E. State St., Ithaca, N. Y. 
GOLDBERG, M. 8. (Student, 1909), 102 Highland P1., Ithaca, N. ¥ 
GRAY, F. R. (Student, 1909), 113 De Witt Pl. Ithaca, N. ¥ 
HARDING, H. G. (Student, 1909), 704 E. Buffalo St., Ithaca, N. ¥ 
LINDSAY, H. D. (Student, 1909), 415 Stewart Ave., Ithaca, N. ¥ 
NIXDORFF, 8S. P. (Student, 1909), 221 Eddy St., Ithaca, N. ¥ 
PEACH, P. L. (Student, 1909), 306 Eddy St., Ithaca, N. Y. 
REINICKER, N. G. (Student, 1909), 203 Williams St., Ithaca, N. \ 
REYNOLDS, H. B. (Student, 1909), 203 Williams St., Ithaca, N. } 
SERRELL, J. J. (Student, 1909), 102 West Ave., Ithaca, N. Y. 
SKINNER, H. A. (Student, 1909), Sheldon Court, Ithaca, N. Y. 
TURNER, E. T. (Student, 1909), 404 Stewart Ave., Ithaca, N. Y 
UNCKLES, H. W. (Student, 1909), 226 Eddy St., Ithaca, N. ¥ 
WALL, R. E. (Student, 1909), 110 Osmun PL., Ithaea, N. ¥ 
WESLEY, C. F. (Student, 1909), 203 College Ave., Ithaca, N. } 
WING, 8S. R. (Student, 1909), 208 Dryden Rd., Ithaca, N. Y. 
WOOD, A. P. (Student, 1909), 130 Dryden Rd., Ithaca, N. Y 
WOOD, S. V. (Student, 1909), 110 Osmun PI., Ithaea, N. ¥ 
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BRIGHAM, C. M. (Student, 1909), 23 E. Lee St., Lawrence, Mass 
HILFORD, W. H. (Student, 1909), 1025 Kentucky St., Lawrence, Kat 
JOHNSON, C. E Student, 1909 736 Maine St Lawrence, Kansas 


PLANK, Wm. Jay (Student, 1909), 814 Alabama St., Lawrence, Kansas 











COMING MEETINGS 


JANUARY AND FEBRUARY 


Advance notice f annual and semi-annual meetings of engineering s 
published inder t s heading and secretaries 
interest to engineers are invited to send such notices for licati They 
Editor's hands by the 18th of the month preceding the meeting When the t pay 
read at monthly meetings are furnished they will also be put 


ALBERTA ASSOCIATION OF ARCHITECTS 
January, annual meeting, Edmonto1 Secy H. M. Whidd Str 


cona,. 
AMERICAN MATHEMATICAL SOCIETY 
February 26, New York and San Francisco section Secy | 


501 W 116th wo) New York 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


Ss w York pec \\ 


January 18-20, annual meeting, 29 W. 39th \ 
Mackay, Box 1818. 

AMERICAN SOCIETY OF HUNGARIAN ENGINEERS AND ARCHITECTS 
January 8, 29 W. 39th St., New York. Paper: Measurement Feeble Hig 
Frequency Currents, Aurel Kozmutza. Secy., Zolt€4n de Német! 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
January 11, February 8, 29 W. 39th St., New York. January 15, St 
January 21, Boston. May 3l-June 3, Spring Meeting, Atlantie Cit 
July 26-29, joint meeting with Institution of Mechanical Engineers, I1 
Secy., Calvin W. Rice, 29 W. 39th St. 

AMERICAN SOCIETY OF SWEDISH ENGINEERS 


January 8, annual meeting, 271 Hicks St., Brooklyn, N. \ Ser I 
Hammerstrom. 

ASSOCIATION OF ONTARIO LAND SURVEYORS 
February 22-24, annual meeting. Secy., Killaly Gamble, 703 Ter 


Toronto 
BOSTON SOCIETY OF ARCHITECTS 
January 4, annual meeting. Secy., E. J. Lewis, Jr., 9 Park St 
BOSTON SOCIETY OF CIVIL ENGINEERS 
January 26, annual meeting, Chipman Hall, Tremont 
Tinkham, 60 City Hall 
CANADIAN SOCIETY OF CIVIL ENGINEERS 
Quebec Branch, January 21, annual meeting, Montrea ecy H 
McLeod, 413 Dorchester St., W 


CIVIL ENGINEERS SOCIETY OF ST. PAUI 
January 10, annual meeting Old State Capitol Bldg., 8 | 


Jurgensen, 116 Winter St. 
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ELECTRIC CONTRACTORS’ ASSOCIATION OF NEW YORK STATE 
January 18, Utica, N. ¥ Secy., Geo. W. Russell, 500 Fifth Ave., New York 
ENGINEERS CLUB OF PHILADELPHIA 
February 5, annual meeting, 1317 Spruce St Secy., W. P. Taylor 
ENGINEERS SOCIETY OF PENNSYLVANIA 
January 4, annual meeting, Harrisburg. Secy., E. R. Dasher, Gilbert Bldg 
ENGINEERS SOCIETY OF WESTERN PENNSYLVANIA 
January 18, annual meeting. Secy., E. K. Hiles, 803 Fulton Bldg., Pitts 
burg 
FRANKLIN INSTITUTE 
January 28, February 11, Witherspoon Hall, Philadelphia, Pa. Leet 
Road Administretion and Maintenanee, L. W. Page Recent Method 
Production of Light, R. H. Bradbury 
ILLINOIS SOCIETY OF ENGINEERS AND SURVEYORS 


January, annual meeting, Cairo. Secy., F. E. R. Tratman, 1636 Monadnock 
Blk., Chicago , 
ILLUMINATING ENGINEERING SOCIETY 
January 11, Royal Society of Arts, John St., Adelphi, London. Paper 
Glare, its Causes and Effects, J. H. Parsons. Secy., L. Gaster, 32 Victoria St 
NDIANA ENGINEERING SOCIETY 
January 14-16, annual convention, Indianapolis. Seey., Chas. Brossmann, 


Union Trust Bldg 
IOWA ENGINEERING SOCIETY 
Fecruary 16-17, Cedar Rapids, la. Secy., A. H. Ford, Iowa City 
LOUISIANA ENGINEERING SOCIETY 
January 8, Hibernia Bldg., New Orleans, La Secy., L. C Datz, 321-322 
Hibernia Bldg 


MICHIGAN AUTOMOBILE ASSOCIATION 


January 25-26, Detroit. Pres., Ek. A. Skae, Hammond Bldg 
MICHIGAN ENGINEERING SOCIETY 
January 12-14, annual meeting, Lansing. Secy Alba L. Holmes, 574 


Wealthy Ave Grand Rapids. 
MONTANA SOCIETY OF ENGINEERS 
January 6-8, annual meeting, Butte. Seey., Clinton H. Moore 
NATIONAL ASSOCIATION OF AUTOMOBILE MANUFACTURERS 
January 12, annual meeting, Madison Square Garden, New York. Se 
Benjamin Briscoe, 7 E. 42d St 


NATIONAL ASSOCIATION OF CEMENT USERS 


lebruary 21-25, Chicago. Seey., R. L. Humphrey, Harrison Bldg., Phila- 
lelphia 

NATIONAL CIVIC FEDERATION CONFERENCE 
January 5-7, Washington, D. | Secy., D. L. Cease, 281 Fourth Ave., 


New York. 
NEBRASKA CEMENT USERS ASSOCIATION 
Februrary 1-4, Lincoln. Secy., Peter Palmer, Oakland. 
NEW ENGLAND GAS ASSOCIATION 
February 16, 17, annual meeting, Boston. Secy., N. W. Gifford, East 


Boston 
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NEW ENGLAND WATER WORKS ASSOCIATION 





January 12, annual meeting. Secy., Willard Kent, 715 Tremont Temple, 
3oston, Mass. 
NORTHWESTERN ELECTRIC ASSOCIATION 
January, Milwaukee, Wis Secy., R. N. Kimball, Kenosha, Wi 
PACIFIC COAST ELECTRIC AUTOMOBILE ASSOCIATION 
Febru iry, Oakland, Cal. Seey J. T. Halloran, 604 Mission St., San Fran- 
cisco. 
RICHMOND RAILROAD CLUB 
January ia Lectures Block Signals, Chas Stephens; Terminal Freight 
Handling, G. H. Condict. Seey., F. O. Robinson. 
SOUTH DAKOTA INDEPENDENT TELEPHONE ASSOCIATION 
January 11-13, Huron. Secy., E. R. Buck, Hudson. 
SOUTHERN GAS ASSOCIATION 
February 16, Chattanooga, Tenn. Secy., James Ferrier, Rome, Ga 
STEVENS ENGINEERING SOCIETY 
January 4, 11, 18, 4.10 p.m., Stevens Institute, Castle Point, Hoboken, N. J 
Papers: Engineering Efficiency, H. G. Stott, Mem.Am.Soc.M.E.; Warfare 
of the Future, Hudson Maxim; Features of Electrical Development, T. ¢ 
Martin. Secy., R. H. Upson 
WESTERN SOCIETY OF ENGINEERS 
January 12, annual meeting, Chicago. Secy., J. H. Warder, 1735 Monadnock 
Blk. 
MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 
Date Society Secretary rime 
January  & 
l Amer. Soc. Hungarian Engrs. and Archts. .Z. deNémeth 8.30 
5 Wireless Institute S. L. Williams 7.30 
6 Blue Room Engineering Society W. D. Sprague 8.00 
1] The American Society Mech. Engrs Calvin W. Rice 8.15 
12 American Society Engrg. Contractors D. J. Haner 7.30 
13 Illuminating Engineering Society P.S. Millar 8.00 
14 American Institute Electrical Engineers R. W. Pope 8.00 
18-20 Heating and Ventilating Engineers W. M. Mackay All day 
18 New York Telephone Society T. H. Lawrence 8.00 
21 New York Railroad Club H. D. Vought 8.15 
26 Municipal Engineers of New York.. C. D. Pollock 8.1 
February 
2 Wireless Institute S. L. Williams 7.30 
3 Blue Room Engineering Society ...W. D. Sprague 8.00 
5 Amer. Soc. Hungarian Engrs. and Archts. .Z. de Németh 8.30 
8 The American Society Mech. Engrs Calvin W. Rics 8.15 
10 = Illuminating Engineering Society P.S. Millar 8.00 
11 American Institute Electrical Engineers R. W. Pope 8.00 
15 New York Telephone Society lr. H. Lawrence 8.00 
18 New York Railroad Club ll. D. Vought 8.15 
23 Municipal Engineers of New York C. D. Pollock 8.1 





(OFFICERS AND COUNCIL 


PRESIDENT 
GEORGE WESTINGHOUSE sal aotavl ....Pittsburg, Pa. 


VICE-PRESIDENTS 


Geo. M. Bonp Hartford, Conn. 

R. C. CARPERTER Ithaca, N. ¥ 

F. M. Wuytt New York 
lerms expire at Annual Meeting of 1910 

CHARLES WHITING BAKER os New York 

W | M. Goss . Urbana, Ill 

EK. D. MEIER New York 
Terms expire at Annual Meeting of 1911 


PAST PRESIDENTS 


Members of the Council for 1910 


JoHn R. FREEMAN Providence, R. I. 
FREDERICK W. TAYLOR Philadelphia, Pa. 
F. R. Hurron New York 
M. L. HoLMAN St. Louis, Mo. 
Jesse M. SMITH ve New York 


MANAGERS 


Wma. L. AssBort Chicago, Ill 
Atex. C. HuMPHREYS New York 
Henry G. Stor New York 


Terms expire at Annual Meeting of 1910 


H. L. Gantt Pawtucket, R. I. 

I. E. MouLtrop Boston, Mass 

W. J. SANDO Milwaukee, Wis. 
Terms expire at Annua! Meeting of 1911 

J. SELLERS BANCROF’ Philadelphia, Pa. 

JAMES HARTNESS Springfield, Vt 

H. G. Rers1 Schenectady, N. 


Terms expire at Annual Meeting of 1912 


TREASURER 
Wituam H. WILEY New York 


CHAIRMAN OF THE FINANCE COMMITTEI 
ARTHUR M. Wait New York 


HONORARY SECRETARY 


SECRETAR) 
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EXECUTIVE COMMITTEE OF THE COUNCIL 


Jesse M. Smitu, Chairmar I. R. Horron 
{LeEx. C. HUMPHREYS Kk. M. Wuaytt 


STANDING COMMITTEES 


ART > 
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SWE! 


SPECIAL COMMITTEES 
1909 


1 Standard Tonnage B f Re yerat 


rn West 


Wi 








SOCIETY 


REPRESENTATIVES 


1909 








On John Fritz Meda 
Henry R. Towne (1 F. R. Ht ; 
AMBROSE SWASEY (2 CHas. WALLACE Hun { 
On Board of Trustee Unite K-naineeri? Si é b 
Cuas, WALLACE Hunt (1 F. R. Hu 2 
IRE J. MILLER 
On Lib C‘onference C'ommiuttese 
J. W. Lies, Jr., CHAIRMAN OF THE LIBRARY COMMITTEE OF THE Am. 8 M.I 
On Nation Fire Protect | Y 
JOHN R. FREEMAN It H. W ; 
(jn Joint ¢ or keene e¢ gq I lu ” 
ALEX. C. HUMPHREYS Ik. W. TaYLor 
On Government Ad ru B n Fue 1 Sf tural M 
Geo. H. BarRus A 
W. I M. Goss 
()r id , Boa y (‘onservation Cor 
(al SWaA N HN I | R 
Cuas. T. MAIN 
On Council of Ameri { ) tion for t} { Q 
ALeEx. C. HUMPHREYS RI IM EI 
Nore.—Numbers i enthe a , 
to serve 





OFFICERS OF THE GAS POWER SECTION 
1909 


CHAIRMAN 


J. R. Bresrns 


SE( RI TAK ) 
GEO. A. ORROK 


GAS POWER EXECUTIVE COMMITTEI 
F. H. Stituman, Chairmar G. I. Rockwoop 
Fr. R. Hourron H. H. Super 
KF, R. Low 


GAS POWER MEMBERSHIP COMMITTEI 


H. R. Cosieicu, Chairman A. Fk. STILLMAN 

H. V. O. Cogs G. M.S. Tar 

\. E. JoHNsSON GEORGE W. Wuyt! 

F.S. Kine S.S. Wyer 
GAS POWER MEETINGS COMMITTEI! 

Cecit P. PooLte, Chairman E. S. McCLeELLAND 

R.T. Kent C, T, WILKINSON C. W. Oper 


GAS POWER LITERATURE COMMITTEI 


C. H. Bensamin, Chairman L. S. Marks 
H. R. CosieicH lr. M. PHETTEPLAC! 
G. D. ConLEeE G. J. Ratubur 
R. S. pE MITKIEWICZ W. RAUTENSTRAUCH 
L. V. GoEBBELS S. A. REeEveE 
L. N. Lupy A. J. Woop A. L. Rice 


GAS POWER INSTALLATIONS COMMITTEI 
L. B. Lent, Chairman {. BEMENT 
C. B. REARICK 


GAS POWER PLANT OPERATIONS COMMITTEI 


I. E. Mouttrrop, Chairman H. J. K. Freyn C. H. PARKER 
J.D. ANDREW N. T. HARRINGTON J. P. SPARROW 
W. H. BLAuvELt J. B. Kuumpp A. B. STEEN 
V. Z. CARACRISTI G. L. KniGH1 IF. W. WALKER 
E. P. CoLEMAN J. L. Lyon C. W. WairINnG 
C. J. DAviIpsON D. T. MacLeop PauL WINSOR 
W. T. DONNELLY V. E. McMuLLEN T. H. YAWGER 


GAS POWER STANDARDIZATION COMMITTEE 


C. E. Lucxr, Chairman Kk. T. ADAMS 
ARTHUR WEST JamrEs ID. ANDREW 
J. R. Brssins H. F. Smits 


Louis C. DoELLING 
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OFFICERS OF STUDENT BRANCHES 


STUDENT BRANCH AUTHORIZED HON ARY CHAI I ESIDENT SE TARY 
BY COUNCII MAN 


1908 : 


Stevens Inst. of Te December 4 Alex. C. Humphrey H. H. Hayne 
H N. J 


Ithaca, N. ¥ 
1909 
Armour Inst. of Tech., March 9 C. F. Gebhardt N.J. 3 tor M.C.S8 
Chicago, Ill 
Leland Stanford, Jr. March 9 W. F. Durand ce Eee tter H 
University, Palo 
Alto, ( 


Polytechnic Institute, Mar i) W. D. Ennis J.S. Keri 
Brooklyn, N. Y. 

State Agri. College, March 9 I M. Gardner C. L. Knopt ~ 
Corvallis, Ore. 

Purdue University March 9 L. V. Ludy EK. A. Kir 


Lafayette, Ind 

Univ. of Kansas, Mar 9 P. F. Walker H. 8S. Col 
Lawrence, Kan 

New York Univ November 9 C. E. Houghtor Harry Ande I AndrewH 
New York 

Univ. of Illinois November9 W. F. M. Goss We F.8 


Mass. Inst. of Ts November9 Gaet I Za I \ 
Boston, Mass 
Univ. of Cincinnati, November9 J. T. Faig H. B. ¢ 
Cincinnati, O. 
Univ. of Wisconsir Nove er9 C.C.7 
Madison, Wis. 
Univ of Missour Dece ‘ H. Wade Hibbar I D y I 
Columbia, M 
Nebraska, Decer 
line ly Nel 





